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PROCEEDINGS,  SIXTH  AFCRL 
SCIENTIFIC  BALLOON  SYMPOSIUM  * 

1.  Balloon-  borne  X-ray  Polarimetry 

R.S.  Wolff 

Columbia  University,  New  York 

The  recent  discoveries  of  solar  X-ray  emission  and  stellar  X-ray  sources 
have  led  to  important  questions  regarding  the  physical  processes  generating  these 
highly  energetic  photons.  To  obtain  a  more  complete  understanding  of  the  X-ray 
production  mechanisms  responsible,  investigators  have  sought  to  measure  the 
overall  intensity,  spectrum,  time  variation,  and  polarization  of  the  X-ray  fluxes. 

In  particular,  the  polarization  of  the  X-ray  emission  is  strongly  dependent  on  the 
source  conditions.  X-rays  produced  in  a  hot,  isotropic,  optically  thin  plasma 
would  be  unpolarized.  Such  a  model  has  been  suggested  for  the  strong  stellar 
X-ray  source,  Sco  X-l.  However,  X-rays  produced  by  bremsstrahlung  collisions 
between  a  stream  of  high  energy  anisotropic  electrons  and  an  ambient  gas  would 
exhibit  strong  linear  polarization.  These  conditions  could  prevail  during  a  solar 
flare,  where  high  energy  electrons  accelerated  in  the  corona  stream  into  the 

(Received  for  publication 

♦This  work  was  supported  in  part  by  the  National  Aeronautics  and  Space 
Administration  under  Grants  NGR-33-008-102,  NGR-33-008-012,  NGR-33-008-125, 
and  Contract  NAS8-24668,  in  part  by  the  Office  of  Naval  Research  under  Contract 
N00014-67-A-0108-0017,  in  part  by  the  New  York  State  Science  and  Technology 
Foundation  under  Grant  SSF(8)-4,  and  in  part  by  the  Air  Force  Office  of  Scientific 
Research  under  Grant  AFOSR-69-1785.  It  is  Columbia  Astrophysics  Laboratory 
Contribution  No.  20. 
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denser  atmosphere  collide  with  the  cooler  gas  and  emit  the  high  energy  X-ray  flux 
that  is  of  en  observed  (Cline  and  Holt,  1968).  The  low  energy  photons  will  be 
polarized  perpendicular  to  the  plane  formed  by  the  incident  beam  and  outing  X-ray 
flux,  and  the  high  energy  photons  will  be  polarized  in  the  plane.  The  synchrotron 
process  provides  a  third  possible  method  of  producing  X-rays.  Relativistic 
electrons  trapped  in  a  magnetic  field  will  spiral  around  the  field  lines,  radiating 
X-ray  photons  which  are  linearly  polarized  with  their  electric  vector  lying  in  the 
plane  perpendicular  to  the  magnetic  field  intensity.  In  this  case,  the  plane  of 
polarization  is  independent  of  the  photon  energy.  This  mechanism  has  been  con¬ 
sidered  in  explaining  the  x-ray  emission  of  the  Crab  nebula,  since  a  similar 
process  seems  to  adequately  explain  its  polarized  optical  and  radio  emission 
(Woltjer,  1964).  Measurements  of  X-ray  polarization  and  its  energy  dependence 
would  be  definitive  in  distinguishing  between  the  various  production  processes. 

X-ray  polarization  can  be  detected  by  utilizing  the  angular  dependence  of  the 
electron-photon  incoherent  scattering  cross  section.  When  the  scattering  angle 
is  90°,  the  photons  are  preferentially  scattered  in  a  direction  orthogonal  to  the 
incident  beam  and  the  electric  vector  of  the  incident  wave,  as  shown  in  Figure  1. 1. 
This  effect  can  be  realized  in  a  scattering  target  comprised  of  a  light  element, 
where  the  electrons  are  loosely  bound  and  can  scatter  photons  incoherently.  This 
method  of  detecting  polarization  is  limited  by  the  condition  that  the  scattering  angle 
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Figure  1.1.  Sine -squared  Distribution  of  Scattered  Photons  for  Two  Directions 
of  Incident  Polarization.  Those  Scattered  Within  the  90-degree  Cone  Carry 
Little  Information  About  Polarization 


must  be  80°  to  obtain  complete  extinction  of  the  photons  polarized  in  the  plane  of 
viewing  (the  plane  formed  by  the  directions  of  the  incident  and  scattered  beams). 

In  practice,  the  X-ray  detector  must  subtend  a  large  3olid  angle,  and  photons 
scattered  at  angles  other  than  90°  are  also  detected,  but  this  effect  can  be  ac¬ 
counted  for.  Incoherent  scattering  as  a  method  of  detecting  X-ray  polarization 
has  the  distinct  advantage  over  other  techniques  such  as  Bragg  reflection  because 
the  cross  section  is  essentially  independent  of  energy.  Whereas  Bragg  reflection 
can  be  used  to  measure  polarization  only  at  a  single  wavelength,  incoherent  scat¬ 
tering  allows  observation  over  a  continuum  of  energies.  This  effect  is  advan¬ 
tageous  because  it  increases  the  signal  strength  and  enables  simultaneous  measure¬ 
ment  of  polarization  over  a  range  of  energies. 

An  incoherent  scattering  X-ray  polarimeter  has  been  constructed  and  success¬ 
fully  flown  in  sounding  rockets  to  study  several  stellar  X-ray  sources.  The  in¬ 
strument  is  shown  in  Figure  1.2.  The  polarimeter  consists  of  an  array  of  scatter¬ 
ing  blocks  and  X-ray  detectors  enclosed  in  an  anticoincidence  shield  tc  reduce  the 
cosmic  ray-induced  background.  Both  the  stellar  and  solar  X-ray  fluxes  depend 
strongly  on  energy,  diminishing  rapidly  at  shorter  wavelength.  The  flux  from  the 
Crab  nebula,  for  example,  obeys  a  power  law  (Boldt  et  al,  1969) 

N(E)dE  =  7E*2dE  photons /cm2-sec-keV  (1.1) 


’  —  — —  piv  I  rfnwwn  1.1 
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Figure  1.2.  Schematic  Diagram  of  Polarimeter 


in  the  range  1  to  500  keV.  It  is  imperative  to  maximize  the  sensitivity  of  the 

instrument  at  the  lowest  possible  energy.  For  this  reason,  lithium  metal  was 

selected  as  a  scattering  material.  Photoelectric  absorption  varies  with  energy  as 
-7/2 

E  ,  and  in  lithium  the  incoherent  scattering  cross  section  and  photoelectric 
cross  section  become  comparable  at  8  keV.  Above  this  energy,  the  polarimeter 
can  operate  efficiently.  The  shape  of  the  scattering  blocks  was  chosen  to  maxi¬ 
mize  the  overall  sensitivity.  The  block  length  is  greater  than  one  scattering 
length,  implying  that  more  than  70  percent  of  the  incident  photons  will  interact 
in  the  metal.  The  width  was  chosen  to  be  small  compared  to  a  scattering  length 
to  allow  photons  to  emerge  from  the  sides  without  multiple  scattering. 

Proportional  counters  are  used  to  detect  the  scattered  photons.  These 
detectors  produce  a  signal  amplitude  proportional  to  the  energy  of  the  detected 
X-ray,  allowing  pulse-height  analysis  and  the  study  of  the  energy  dependence  of 
the  X-ray  polarization.  Furthermore,  those  cosmic-  ray  background  pulses  whose 
amplitudes  fall  above  the  range  expected  for  X-rays  can  be  eliminated.  Propor¬ 
tional  counters  also  permit  the  use  of  pulse  shape  discrimination  to  distinguish 
between  valid  X-ray  events  and  charged -particle -induced  background.  The  gas 
filling  in  the  counters  establishes  the  upper  limit  of  the  polarimeter  energy  range, 
and  this  was  maximized  by  using  three  atmospheres  of  xenon.  The  overall 
sensitivity  of  the  polarimeter  as  a  function  of  energy  is  shown  in  Figure  1.3. 

Data  are  taken  with  the  polarimeter  by  pointing  the  instrument  at  the  X-ray 
source  and  rotating  around  the  line  of  sight.  If  the  X-ray  flux  is  polarized,  the 
counting  rate  in  each  detector  will  be  modulated  at  twice  the  rotation  frequency. 
The  depth  of  modulation  determines  the  degree  of  polarization.  Monte  Carlo 
calculations  and  laboratory  tests  have  shown  that  the  X-ray  polarization  P  is 
related  to  the  maximum  and  minimum  counting  rates  N-  and  N  .  by  the 
relation 


P  =  P 


Nmax  Nmin  \ 
Hnax  +  Nmin/ 


(1.2) 


where  p  Is  the  polarimeter  modulation  factor,  and  is  equal  to  3.18. 

The  measurement  of  stellar  X-ray  polarization  is  limited  by  the  low  signal 
intensities  and  the  high  cosmic -ray-induced  background  rates.  A  prototype  of 
the  polarimeter  was  flown  in  a  balloon  to  assess  the  effectiveness  of  various  back¬ 
ground  suppression  techniques  and  to  investigate  instrumental  effects  which  could 
result  in  a  spurious  polarization  measurement  (Wing,  1968).  The  polarimeter 
was  carried  to  an  altitude  of  96,  000  ft,  hung  vertically  below  the  balloon,  and 
rotated  around  the  symmetry  axis.  It  was  found  that  the  anticoincidence  shield 
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Figure  1.3.  The  Efficiency  of  the  Polarimeter  as  a  Function  of  Energy 


reduced  the  background  rate  by  a  factor  of  three.  Pulse-height  analysis  reduced 
the  background  in  the  range  5  to  25  keV  by  another  factor  of  three.  A  final  back¬ 
ground  rate  of  0.01  counts /keV-sec -counter  was  obtained.  The  flux  from  the  Crab 
nebula  in  the  same  energy  range  above  the  atmosphere  is  approximately  one  tenth 
of  this  value.  The  asymmetry  of  the  primary  cosmic-ray  flux,  or  east-west 
effect,  was  also  considered.  A  modulation  in  the  background  rate  due  to  this 
anisotropy  could  manifest  itself  as  a  spurious  indication  of  polarization.  Analysis 
of  the  data  revealed,  however,  that  all  fluctuations  in  the  counting  rates  were 
completely  random. 

Further  background  suppression  has  been  obtained  by  utilizing  pulse-shape 
discrimination.  Charged  particles  passing  through  the  counters  produce  long 
ioniza'ion  trails,  and  the  subsequent  pulses  rise  slowly.  X-rays,  however,  are 
absorbed  at  a  single  point  and  result  in  quickly  rising  pulses.  A  method  of  dis¬ 
tinguishing  between  the  two  types  of  events  was  developed,  and  data  obtained  in  a 
recent  rocket  flight  indicated  that  the  background  rate  can  be  reduced  to  0. 003 
counts /counter-keV-sec  (Wolff,  1969). 


Although  the  polarimeter  was  originally  designed  for  use  in  sounding  rockets, 
its  application  from  balloon  altitudes  has  been  seriously  considered.  The  develop¬ 
ment  of  larger  balloons,  with  increased  lifting  capacity  and  altitude,  has  greatly 
improved  the  feasibility  of  balloon-borne  X-ray  polarimetry.  The  availability  of 
better  control  systems  has  also  been  an  important  factor.  The  primary  problem 
in  stellar  X-ray  polarimetry  is  the  low  intensity  and  strong  energy  dependence  of 
the  sources.  For  this  reason,  high  altitude  and  long  duration  flights  are  essential 
to  make  meaningful  measurements . 

As  an  example  of  the  problems  involved  and  the  results  which  could  be  obtained, 
we  can  consider  the  possibility  of  measuring  the  X-ray  polarization  of  the  Crab 
nebula  with  the  lithium  block  polarimeter.  Since  atmospheric  absorption  is  acute 
at  energies  below  15  keV,  we  have  assumed  an  energy  range  of  15  to  50  keV,  The 
efficiency  of  the  polarimeter  between  25  and  35  keV  is  particularly  low  when  only 
xenon  gas  is  used  in  the  detectors  because  the  xenon  K  absorption  edge  lies  at 
35  keV.  If  the  proportional  counters  are  filled  with  a  mixture  of  1.  5  atmospheres 
of  xenon  and  1.  5  atmospheres  of  krypton,  the  efficiency  can  be  greatly  increased, 
as  shown  by  the  broken  curve  in  Figure  1.3.  However,  laboratory  measurements 
have  indicated  that  background  rejection  using  pulse -shape  discrimination  is  less 
effective  in  gas  mixtures. 

The  signal  intensity  for  the  Crab  nebula,  measured  at  the  top  of  the  atmos¬ 
phere,  was  calculated  from  Eq.  (1. 1)  and  corrected  for  atmospheric  absorption 
at  various  balloon  altitudes.  The  use  of  the  xencn-krypton  mixture  increased  the 
signal  intensity  in  the  15  to  50  keV  range  by  55  percent.  The  background  rate  as¬ 
sumed  was  based  on  the  most  recent  rocket  data.  A  study  of  the  rocket  data  as  a 
function  of  altitude  indicated  that  the  background  rate  was  constant  above  100,  000 
ft.  A  total  background  rate  of  7  counts /counter-sec  could  be  expected.  The  signal 
intensity  was  calculated  for  125,  000  ft,  140,  000  ft,  arid  157,  000  ft  with  the  Crab 
nebula  10°  from  the  zenith,  corresponding  to  a  launch  from  Palestine,  Texas.  At 
the  lowest  altitude,  a  rate  of  0.22  counts /counter-sec  would  be  obtained;  at  140,000 
ft,  the  signal  rate  would  be  0.50  counts /counter-sec;  and  at  157,  000  ft,  the  signal 
rate  would  be  0. 84  counts/counter-sec. 

The  minimum  polarization  that  can  be  measured  is  governed  by  the  total 
numbers  of  signal  and  background  counts  obtained.  Statistical  fluctuations  impose 
a  lower  limit  on  the  detectable  polarization,  since  a  finite  amount  of  completely 
random  data  will  yield  a  non-zero  result.  If  we  refer  the  polarization  vector  to  an 
orthogonal  coordinate  system  and  let  Pj  and  Pj  be  the  components  of  P  along  each 
axis,  it  can  readily  be  shown  that  the  minimum  detectable  polarization  (in  each 
component)  is  given  by  (Wolff,  1969) 
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where  S  and  B  are  the  total  numbers  of  signal  and  background  counts.  This  limit 
means  that  99  percent  confidence  can  be  ascribed  to  a  result  which  exceeds  the 
value  calculated  from  Eq,  (1.3).  Since  polarization  is  a  positive  definite  quantity 
obtained  from  the' components  by  the  relationship 


fp2  +  p2 
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it  is  apparent  that  purely  statistical  fluctuation  in  the  components  will  always  result 
in  a  non-zero  value  for  the  apparent  polarization.  Even  when  the  actual  polariza¬ 
tion  is  zero,  a  measurement  of  P  will  yield  a  mean  value  of  (Wolff,  1969) 


The  predicted  signal  and  background  rates  can  now  be  used  with  Eq.  (1.3)  to 
obtain  an  estimate  of  the  sensitivity  of  a  balloon-borne  polarimetry  experiment. 
Since  the  background  rate  greatly  exceeds  the  signal,  it  is  clear  that  long  observa¬ 
tion  periods  will  be  required.  This  calculation  was  performed  assuming  8  hours 
at  maximum  altitude  with  the  meridian  crossing  in  the  middle  of  the  observation 
.period.  This  condition  was  chosen  to  minimize  the  atmospheric  slant  height  and 
also  to  avoid  possible  cosmic-ray  effects  at  large  zenith  angles  (discussed  below). 
By  combining  the  signals  from  the  16  proportional  counters,  we  find  that  the  mini¬ 
mum  detectable  polarization  at  an  altitude  of  125,  000  ft  is  21  percent.  At  an  al¬ 
titude  of  140,  000  ft,  observing  for  the  same  8-hour  period,  the  limit  is  lowered  to 
15  percent.  If  the  experiment  can  be  performed  at  157,  000  ft,  a  polarization  as 
small  as  10.2  percent  could  be  detected. 

The  latter  result  makes  balloon-borne  polarimetry  appear  feasible  if  the  prob¬ 
lems  inherent  in  long-term  observations  can  be  overcome.  Current  models  of  the 
Crab  nebula  which  attribute  the  X-ray  emission  to  synchrotron  radiation  from 
relativistic  electrons  predict  that  the  optical  and  X-ray  flux  should  have  comparable 
polarizations.  The  optical  emission  integrated  over  the  1'  diameter  region  of  the 
nebula  responsible  for  X-ray  emission  is  19  percent  polarized  (Oort  and  Walraven, 
1956).  Furthermore,  the  2-cm  radio  emission  from  the  entire  nebula  is  14  percent 
polarised.  The  only  X-ray  result  reported  to  date,  obtained  from  a  rocket  flight 
with  this  same  polarimeter,  yielded  an  upper  limit  of  27  percent  on  the  X-ray 
polarization  (Wolff  et  al.,  1970).  The  proposed  balloon  experiment  would  therefore 


provide  a  substantial  improvement  in  the  sensitivity  of  measurements  of  this 
important  quantity. 

The  prolonged  observation  times  required  to  obtain  sufficient  data  necessitate 
accurate  pointing  and  control  of  the  payload.  The  polarimeter  must  be  pointed 
within  3°  of  the  X-ray  source  in  order  to  avoid  instrumental  effects  which  lead  to 
spurious  signal  modulation.  When  the  X-ray  flux  is  incident  at  an  angle  greater 
than  3°,  unscattered  photons  can  directly  illuminate  the  detectors,  leading  to  an 
anomalously  high  counting  rate.  Calculations  and  laboratory  measurements  re¬ 
vealed  that  the  spurious  polarization  induced  by  this  effect  is  less  than  1.5  percent, 
provided  that  the  X-ray  flux  is  within  2.5°  of  the  polarimeter  axis.  A  control 
system  capable  of  pointing  the  payload  to  within  a  3°  radius  circle  of  the  X-ray 
source  and  maintaining  a  sidereal  scan  is  therefore  required.  The  polarimeter 
must  also  be  rotated  around  the  line  of  sight  to  average  out  the  differences  in 
sensitivity  among  the  various  detectors  and  to  obtain  the  modulation  characteristic 
of  polarization.  The  payload  could  be  equipped  with  a  rocking  assembly  which 
would  rotate  the  polarimeter  through  ±  45°  while  the  gondola  remains  fixed. 

Finally,  it  would  be  desirable  to  periodically  point  the  polarimeter  away  from  the 
source  to  make  a  background  measurement.  Since  the  background  rate  is  so 
crucial  to  the  experiment,  long-term  drifts  in  the  electronics  which  could  affect 
the  counting  rate  would  greatly  confuse  the  data. 

A  further  restriction  on  the  control  system  is  that  the  angle  between  the 
polarimeter  axis  and  the  zenith  be  kept  at  a  minimum.  Evidence  from  satellite 
surveys  has  shown  a  substantial  gamma-ray  albedo  from  the  earth's  atmosphere, 
which  is  particularly  strong  at  the  horizon.  If  the  polarimeter  is  aimed  near  the 
vertical,  the  projected  area  subtending  this  flux  is  minimized.  The  background 
counting  rate  would  be  higher  when  the  instrument  is  pointed  far  from  the  vertical 
and  could  be  subject  to  angular  variations  which  could  induce  spurious  modulation. 
Since  the  sun  can  also  be  a  strong  source  of  high  energy  X-rays,  it  would  be 
prudent  to  perform  the  experiment  at  night  using  a  stellar  tracking  system. 

The  problems  inherent  in  measuring  polarization  in  solar  X-ray  emission  are 
quite  distinct  from  those  associated  with  stellar  sources.  Under  normal  circum¬ 
stances,  the  sun  is  not  a  source  of  high  energy  X-rays,  with  a  negligible  flux  above 
a  few  keV.  During  periods  of  solar  activity,  however,  appreciable  numbers  of 
energetic  photons,  usually  associated  with  solar  flares,  ere  emitted.  Sounding 
rocket  end  satellite  monitors  have  been  used  to  study  the  intensity,  spectra,  and 

time  variations  of  these  X-ray  events.  A  typical  X-ray  flare  rises  to  a  maximum 

•4  2 

in  1  to  2  min,  reaching  a  peak  energy  flux  in  excess  of  10  ergs /cm  -sec  above 
7  keV,  and  then  diminishes  in  5  to  10  min.  Often  superimposed  on  this  flux  are 
short,  intense  bursts  of  high  energy  rays  of  a  few  seconds'  duration  and  ranging 
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as  high  as  100  keV.  The  slower  varying  component  of  the  X-ray  emission  often 
exhibits  a  thermal  spectrum  which  can  be  characterized  by  plasma  temperatures 
as  high  as  10®°K, 

Using  X-ray  data  recently  reported  for  a  solar  flare  (Hudson  et  al.,  1969) 
we  have  calculated  the  minimum  detectable  polarization  in  various  energy  inter¬ 
vals.  The  results  are  listed  in  Table  1. 1.  In  performing  these  calculations,  a 
balloon  altitude  of  125,  000  ft  and  100  sec  of  data  were  assumed.  Polarization  of 
X-ray  fluxes  up  to  90  keV  could  readily  be  measured. 


Table  1.1.  Minimum  Detectable  Polarization  from  an 
X-ray  Flare  Observed  at  125,  000  ft 


Energy  Range  (keV) 

3o  Limit  (%) 

10-20 

1.77 

20-30 

1.61 

30-40 

1.80 

40-50 

1.77 

50-60 

2.95 

60-70 

5. 15 

70-80 

8.70 

80-90 

18.  7 

The  primary  problem  in  measuring  X-ray  flare  polarization  from  balloons 
involves  the  frequency  of  occurrence  of  the  events.  The  rate  at  which  flares  occur 
is  strongly  related  to  the  state  of  solar  activity.  During  times  of  peak  activity, 
flares  are  produced  several  times  per  day,  but  accurate  predictions  cannot  be 
made.  At  best,  a  probability  of  flare  occurrence  can  be  established,  based  on  the 
age  and  number  of  active  regions  on  the  sun.  During  times  of  high  probability, 
one  could  launch  a  balloon  experiment  and  wait  for  a  flare,  but  even  in  an  8-hour 
patrol  the  chance  of  detecting  a  flare  is  not  great.  A  successful  solar  flare 
balloon  program  would  necessitate  a  series  of  launches  in  conjunction  with  a  period 
of  intense  solar  activity. 

In  summary,  it  ij>  possible  to  say  that  stellar  X-ray  polarimetry  is  feasible 
from  balloons.  With  high-altitude,  accurately  controlled  balloons,  the  long  ob¬ 
servation  periods  required  to  accrue  adequate  data  can  be  obtained.  Measurement 
of  solar  X-ray  polarisation,  although  not  encumbered  by  the  long  integration 
periods,  still  requires  accurate  control  over  prolonged  time  intervals  while  wait¬ 
ing  for  an  X-ray  flare  to  occur.  Both  experiments  could  yield  meaningful  data 
regarding  the  mechanism  responsible  for  X-ray  production. 
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2.  Gamma  Ray  Astronomy  at  1  and  3 
Millibars  in  the  Southern  Hemisphere 

P.  Albots,  G.  Frye,  J.  Maynard  and  A.  Zych 
Case  Western  Reserve  University 
Cleveland,  Ohio 


Abstract 


In  collaboration  with  Professor  Hopper's  Cosmic  Ray  Group  at  the  University 
of  Melbourne,  we  have  made  a  series  of  high  altitude  flights  in  Australia.  The 
experiment  was  to  survey  the  southern  sky  for  sources  of  primary  gamma  r  ays 
above  50  MeV  in  energy.  The  basic  detector  was  a  spark  chamber  whose  sparking 
patterns  were  recorded  photographically.  With  the  cameras,  associated  electronics 
and  flight  instrumentation,  the  total  weight  of  the  gondola  is  480  lbs.  On  two  flights 
from  Parkes,  NSW,  in  February  1969,  we  detected  a  point  source  of  gamma  radia¬ 
tion  located  20°  below  the  center  of  the  galaxy.  More  recent  flights  on  10  and  30  M 
balloons  from  Longreach,  Queensland  in  November  1969  will  also  be  described. 


2.1  INTRODUCTION 

I  would  like  to  relate  to  you  some  of  the  work  that  the  cosmic  ray  group  at 
Case  Western  Reserve  University  has  been  doing.  In  particular,  I  will  describe 
our  work  in  gamma  rav  astronomy  for  a  series  of  balloon  flights  at  3  and  1  mb  in 
the  southern  hemisphere. 
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The  phrase  "gamma  ray  astronomy"  is  related  to  the  familiar  optical  astro¬ 
nomy  in  the  sense  that  we  are  interested  in  electromagnetic  radiation  coming  from 
celestial  objects  in  the  sky.  However,  gamma  rays  are  very  high-energy  light 
particles,  or  photons,  and  require  detection  techniques  that  are  more  familiar  to 
high-energy  nuclear  physics  than  astronomy.  Nevertheless,  the  detector  which  I 
will  describe  shortly  is  a  telescope  which  is  carried  to  very  high  altitudes  with 
balloons  to  get  above  most  of  the  earth's  atmosphere  which  is  a  source  for  back¬ 
ground. 

Once  gamma  rays  are  detected  from  some  celestial  object  or  area  of  the  sky, 
the  intensity  and  energy  spectrum  of  these  gamma  rays  provides  information  about 
their  origin.  A  number  of  production  mechanisms  for  these  gamma  rays  are  pos¬ 
sible  on  a  cosmological  scale.  These  include  the  collision  of  the  high  energy  pro¬ 
tons  and  electrons  within  our  galaxy  with  the  hydrogen  and  star  light.  One  would 
also  expect  high-energy  gamma  rays  from  discrete  objects  such  as  qua3i-stellar 
objects,  super  nova,  and  the  more  recently  discovered  pulsars. 

Since  1963,  a  program  has  been  underway  at  Case  Western  Reserve  University 

to  scan  the  entire  celestial  sphere  with  a  spark  chamber  for  discrete  sources  of 

high-energy  gamma  rays  with  energies  greater  than  50  MeV.  This  program  has, 

to  date,  covered  about  one -half  of  the  sky  in  both  the  northern  and  southern  hemi- 

-5  2 

spheres  with  a  threshold  sensitivity  of  1  x  10  y 's/cm  sec  from  a  point  source. 


2.2  SOUTHERN  HEMISPHERE  SERIES 

In  recent  years,  a  number  of  groups  have  been  able  to  take  advantage  of 
Australia's  special  vantage  point  for  viewing  the  southern  sky  with  experiments 
from  balloons.  To  my  knowledge,  all  of  these  flights  have  been  conducted  with 
the  able  assistance  of  the  Project  HIBAL  launch  crew  and  facilities  based  at 
Mildura.  This  is  a  joint  operation  of  the  U.  S.  AEC  and  the  Australian  Department 
of  Supply. 

Our  flights  have  originated  from  three  different  launch  locations.  There  are 
shown  in  Table  2. 1.  Each  location  has  something  different  to  offer.  The  vertical 
cutoff  rigidity  at  Mildura  has  about  the  same  value  as  at  Palestine,  Texas.  Flights 
from  Parkes,  in  New  South  Wales,  provided  a  considerably  longer  float  time  when 
the  high  altitude  winds  were  from  the  east.  Longreach,  in  Queensland,  is  directly 
on  the  Tropic  of  Capricorn  and  has  a  considerably  higher  cutoff  and,  therefore, 
provides  a  reduction  in  background  radiation  due  to  the  primary  flux. 

At  this  point,  I  should  mention  that  our  Australian  flights  have  been  a  colla¬ 
boration  with  Professor  Victor  Hopper  and  his  group  at  the  University  of  Melbourne. 


Table  2.  1.  Launch  Sites  for  Balloon  Flights  in  the  Southern  Hemisphere 
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Table  2.2  is  a  listing  of  the  flights  we  have  made  in  Australia.  For  the  most 
part.  9  and  10  million  cu  ft  balloons  have  been  used  to  take  our  payload  to  3  mb. 
Even  at  3  mb  though,  practically  all  of  the  gamma  rays  detected  are  produced  in 
the  remaining  air  above  the  detector  by  the  primary  flux.  Therefore,  observing 
a  possible  source  of  gamma  rays  is  essentially  a  signal-to-noise  problem  and  the 
highest  possible  altitude  is  a  prime  requirement. 

Last  November,  we  had  an  opportunity  to  fly  two  30  M*  cu  ft  balloons  which 
took  our  payload  to  almost  1  mb.  These  flights  were  launched  at  Longreach.  As 
you  can  see  from  the  last  column  in  Table  2.2,  we  have  had  our  successful  flights 
and  also  our  problems. 


i  l 

i 

I 


2.3  GAMMA  RAY  SPARK  CHAMBER 

The  basic  scheme  that  we  use  to  detect  gamma  rays  is  a  spark  chamber.  This 
is  shown  in  Figure  2. 1.  The  spark  chamber  consists  of  a  series  of  thin,  parallel, 
stainless  steel  plates  ir.  vessel  filled  with  neon  gas  at  about  one  atmosphere  of 
pressure.  Gamma  rays  inemselves  have  no  electrical  charge,  but  they  interact 

in  the  iron  to  produce  an  electron-positron  pair  of  charged  particles.  This  elec-  : 

tron  and  its  anti-particle,  the  positron,  leave  ionization  trail  3  in  the  neon  gas  ; 

between  the  plates  and  are  then  detected  by  the  three  detectors  below  the  spark  * 

chamber  (Detectors  2,  3,  and  4).  When  this  electron-positron  pair  is  detected,  j 

a  8  KV  high  voltage  pulse  is  applied  to  alternate  plates  in  the  spark  chamber. 

Sparks  occur  where  the  charged  particles  have  produced  the  ionization  path.  The 

V 

sparks  are  produced  within  a  fraction  of  a  microsecond  after  the  event  has  occurred. 

These  sparks  are  then  photographed. 

Detector  #1  in  Figure  2. 1  is  a  plastic  scintillator  anticoincidence  counter  to 
ensure  that  the  interaction  in  the  chamber  is  due  to  an  electrically  neutral  particle. 

Detector  #4  is  a  directional  Cerenkov  detector  which  is  sensitive  only  to  charged 
electrons  and  positrons  moving  downward. 

Figure  2. 2  shows  a  pictorial  view  of  the  spark  chamber  with  the  photomultiplier 
tubes,  mirrors  and  camera  in  place.  The  spark  chamber  and  high  voltage  elec¬ 
tronics  are  in  pressurized  vessels.  The  remaining  electronics  and  hardware  arc 
in  the  low  pressure  environment.  Note  that  a  16  mm  camera  is  used  to  record 
two  90°  stereoscopic  views  of  the  chambers.  The  camera  also  photographs  an 
Instrument  panel  for  each  event  which  includes  the  instantaneous  orientation  of  the 
gondola  in  the  azimuthal  direction.  The  gondola  hangs  in  the  vertical  direction  as 
shown.  Since  the  spark  chamber  will  detect  gamma  rays  with  incident  directions 
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90  LBS. OF  IRON 


Figure  2.1.  Gamma  Ray  Spark  Chamber  System 


off  the  zenith,  no  orientation  of  the  gondola  is  required  for  events  which  pass  within 
30°  of  the  zenith.  Professor  Hopper's  group  is  building  an  orientation  m  which 
will  allow  us  to  observe  the  Magellanic  Clouds  which  lie  very  near  the  South  Celes¬ 
tial  Pole. 

Actually,  two  cameras  are  now  used  with  a  rotating  mirror  arrangement  to 
switch  from  one  camera  to  the  other  by  radio  command.  Our  event  rate  at  float  is 
about  3  per  second.  The  total  film  capacity  is  128,  000  frames. 

A  typical  gamma  ray  event  is  shown  in  the  photograph  in  Figure  2.3.  Here  it 
can  be  clearly  seen  that  the  event  originates  in  one  of  the  plates .  The  bending  of 
the  tracks  is  due  to  the  multiple  scattering  of  particles  in  the  plates.  Measure¬ 
ments  of  the  spark  positions  are  done  manually  by  a  staff  of  scanning  personnel 
and  then  transferred  to  computer  tape  for  analysis. 
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Figure  2. 3.  Typical  High  Energy  Gamma  Ray  Event 


From  the  spark  position  information  in  the  chamber,  two  things  are  deter¬ 
mined.  First,  the  direction  of  the  incident  gamma  ray  is  determined  from  the 
directions  of  the  two  tracks  in  the  chamber  to  an  accuracy  of  about  +  3°.  Second, 
the  scattering  in  the  iron  plates  causes  the  tracks  *o  deviate  from  a  straight  line. 

A  measurement  of  these  deviations  provides  the  energy  of  the  incident  gamma  ray. 

From  the  orientation  of  the  gamma  ray  in  the  chamber  and  the  magnetic 
orientation  of  the  gondola,  the  right  ascension  and  declination  of  each  incident 
gamma  ray  can  be  calculated  and  related  to  a  point  on  the  celestial  sphere. 

2.4  POINT  SOURCE  OF  t-RAYS  -  SGR  y-\ 

At  this  point  I  would  like  to  describe  some  of  the  results  we  obtained  from  the 
two  flights  launched  from  Parkes  in  NSW  in  February  of  1969  which  reached  3  mb. 
The  results  from  the  analysis  of  the  flight  film  indicate  that  a  point  source  of 
gamma  rays  is  present  in  the  southern  sky  with  an  intensity  above  the  background 
level  for  our  detector. 

Before  I  discuss  the  point  source  data  further,  let  me  indicate  how  our  data 
are  analysed  for  a  possible  source  of  gamma  rays.  In  Figure  2.4  we  have  divided 
the  sky  into  bins.  The  coordinates  are  right  ascension  and  the  sine  of  the  declina¬ 
tion  to  provide  horizontal  strips  of  equal  solid  angle.  The  variation  in  width  of 
each  bin  is  determined  from  the  response  of  the  spark  chamber  to  that  part  of  the 
sky  during  the  flight  in  such  a  way  that  the  total  exposure  for  each  rectangle  is  the 
same.  The  minimum  size  of  a  bin  is  determined  by  the  angular  resolution  of  the 
detector. 

The  numbers  indicated  in  each  bin  in  Figure  2.4  indicate  the  number  of  gamma 
ray  events  that  originated  from  that  particular  direction  of  the  sky.  The  sequence 
of  numbers  in  each  bin  represents  different  classifications  of  gamma  ray  events. 

A  point  source  will  show  an  enhancement  in  one  of  ;he  bins.  Of  course,  one  has 
to  take  into  account  the  random  statistical  fluctuations  in  the  number  of  background 
events  found  in  each  bin.  It  should  be  noted  that  the  plot  in  Figure  2.4  is  for  one 
section  of  the  sky  in  the  northern  hemisphere. 

Our  data  from  the  two  flights  from  Parkes  were  analysed  in  this  manner,  in¬ 
dependently.  The  data  for  each  flight  showed  an  enhancement  in  the  gamma  ray 
flux  from  the  same  location  in  the  sky.  These  data  are  shown  in  Figure  2.  5. 

Here,  we  show  the  number  of  events  from  a  4°  x  4°  bin  centered  at  the  proposed 
source  location.  This  is  bin  #4  in  Figure  2.5.  Also  shown  is  the  average  number 
of  events  for  the  same  bin  size  from  the  surrounding  bins  corrected  for  the  rela¬ 
tive  exposure.  The  two  graphs  in  Figure  2.  5  show,  for  the  two  flights,  the  number 
of  events  for  regions  #1  thru  #7,  For  both  flights,  an  enhancement  of  about  three 
standard  deviations  above  the  background  level  is  seen  in  region  #4. 
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Figure  2.4.  Incident  Direction  of  Gamma  Rays  in  Right  Ascension  and 
Declination  for  a  Balloon  Flight 
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Figure  2. 5.  Comparison  of  the  Bin  at  R.  A,  «  288°,  sin  4  •  -0. 58  with  the 
Average  of  Surrounding  Bins  Corrected  for  the  Relative  Exposure 
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%  For  one  flight,  a  random  three  standard -deviation  fluctuation  is  not  too  un¬ 

likely.  However,  to  have  such  an  enhancement  for  two  separate  sets  of  data  and 
have  it  occur  in  the  same  bin  location  is  very  unlikely.  The  chance  that  these  in¬ 
creases  at  the  same  bin  location  are  just  accidental  occurrences  is  about  1  part 
'  in  1000.  Therefore,  we  have  taken  these  data  to  be  evidence  for  the  first  point 

source  of  gamma  rays  to  be  observed.  Note  that  the  atmospheric  background  level 
is  still  twice  the  source  intensity,  so  that  higher  altitudes  are  very  desirab’e. 

Several  factors  have  convinced  us  that  this  evidence  is  not  just  some  system¬ 
atic  instrumentation  effect.  First,  a  different  detector  was  used  on  each  of  the 
two  flights.  For  the  first  flight,  a  spark  chamber  system  built  by  the  University 
of  Melbourne  group  was  used.  For  the  second  flight,  our  detector  was  used. 

While  the  basic  design  of  the  two  systems  is  the  same,  there  were  significant  dif¬ 
ferences  in  the  electronics,  optics  and  orientation  monitoring. 

Second,  the  flight  films  were  scanned  separately  and  the  events  reduced  to 
right  ascension  and  declination  by  different  computer  programs.  One  flight  was 
analysed  at  Melbourne  and  the  other  one  at  Case  Western  Reserve  University, 
There  was  good  agreement  between  the  two  groups  for  those  portions  of  one  flight 
which  was  scanned  and  processed  by  both  groups . 

Table  2.3  gives  the  present  location  and  intensity  of  the  source.  It  is  located 
in  the  constellation  of  Sagittarius  and  has  been  designated  as  Sgr  y  - 1 . 
t  Presently,  the  data  from  these  two  flights  are  being  combined  and  checked, 

and  we  expect  to  have  a  more  refined  result  later  this  summer. 

V.  » 

I  Table  2.3.  Preliminary  Location  and  Intensity  of  Sgr  y  -1 

Location  «  ■  288°  ±  3° 
i  «  -35°  +  2° 

( <u  ■  3°.  bB  *  -200) 

Intensity  (3+1)  x  lO'^Tr'/cm^aec  (>50  MeV) 

2.3  LONGREACH  AND  SO  M  Cl!. FT.  BALLOONS 

Last  November,  we  had  an  opportunity  to  go  back  to  Australia,  this  time  to 
Longreach.  The  combination  of  a  higher  cutoff  rigidity  and  30  M  cu  ft  balloons 
that  would  take  our  payload  to  1  mb  has  the  effect  of  reducing  our  background 
counting  rate  due  to  the  residual  atmosphere  by  a  factor  of  about  4,  and  thus  pro¬ 
viding  a  more  sensitive  search  for  gamma  ray  sources. 

In  additi>n,  the  recent  discovery  of  pulsating  radio  and  X-ray  sources  is  cer- 
t  tainly  suggestive  that  one  ought  to  try  to  look  for  pulsed  high-energy  gamma  rays. 

This  required  the  addition  of  a  reascnably  accurate  clock  to  our  present  system 

ft 

which  has  an  accuracy  of  one  part  in  10  per  day. 


* 


22 


The  data  from  the  three  flights  which  we  had  at  Longreach  are  presently  being 
analysed  and  no  results  are  available  yet.  Therefore,  for  the  remaining  portion 
of  this  talk,  I  would  like  to  present  some  general  ascent  data  for  one  of  the  flights 
with  a  30  M  cu  ft  balloon. 

The  photographs  in  Figures  2.6,  2.  7,  and  2.  8  were  take",  at  Longreach. 

Figure  2.6  shows  our  instrument  package  in  the  Meteorological  Station  at  the 
airfield.  The  thermal  insulation  that  usually  surrounds  the  instrument  has  been 
removed.  This  small  work  area  was  essentially  the  only  air-conditioned  space 
available  and  we  were  very  fortunate  to  have  had  that.  The  Meteorlogical  Station 
did  have  its  own  radar  facility.  High  altitude  wind  data  were  obtained  up  to  about 
130,  000  ft  with  meteorological  balloons  prior  to  each  flight.  The  radar  was  used 
to  track  the  balloon  on  ascent  also. 

Figure  2.  7  shows  our  payload  on  the  launch  truck.  The  distance  from  the 
launch  arm  to  the  truck  was  about  550  ft.  Our  payload  is  completely  enclosed 
with  urethane  foam  to  provide  both  thermal  insulation  and  also  a  dark  box  for 
photography.  A  crush  pad  is  added  below  our  gondola.  The  unit  attached  outside 
our  main  gondola  is  a  sun  compass  which  can  determine  the  sun's  azimuthal  direc¬ 
tion  to  1/3°.  This  provides  a  check  for  our  magnetic  determination  of  the  spark 
chamber  oi  ientation.  Below,  are  the  radio  command  -  telemetry  equipment  (Winzen 
Research)  and  ballast  hopper.  A  squib  was  used  in  the  parachute  shroud  lines  to 
collapse  the  chute  at  impact.  Also,  a  burst  switch  was  placed  at  the  top  of  the 
parachute. 

Figure  2.8  shows  a  30  M  with  balloon  just  after  launch.  The  ascent  rate  and 
altitude  were  obtained  for  the  entire  ascent  from  the  radar  measurements.  These 
data  are  shown  in  Figure  2. 9  for  our  second  flight  with  the  large  balloon.  The 
gross  weight  was  2092  lbs.  Fourteen  percent  free  lift  was  used  for  this  flight. 

For  our  first  30  M  flight  (463-A),  13  percent  free  lift  was  used.  The  average 
ascent  rate  for  this  flight  for  the  first  30, 000  ft  was  600  ft/min  and  5  hours  were 
required  to  reach  float.  From  the  data  in  Figure  2.9  fc-.  468-A,  the  average 
ascent  rate  to  30,  000  ft  is  1000  ft/min  and  4  hours  were  required  to  reach  float. 

This  flight  was  launched  about  12  min  after  sunrise.  Ascent  ballasting  is  also 
shown  on  this  graph.  Each  point  of  the  ascent  rate  data  shown  in  Figure  2.9  is  an 
average  over  about  3  or  4  readings  and  the  indicated  peaks  are  real. 

To  provide  a  more  accurate  measurement  of  the  residual  atmospheric  pres¬ 
sure  at  float,  we  fly  a  large  dial  Wallace  and  Tiernan  pressure  gauge  which  is 
calibrated  against  a  McLeod  gauge  before  each  flight. 

The  ascent  data  from  this  gauge  are  shown  in  Figure  2. 10.  From  these  data 
it  can  be  seen  that  the  maximum  altitude  for  this  flight  was  1. 17  mb  or  154  K  ft. 

The  maximum  float  altitude  for  the  first  flight  with  a  30  M  was  1. 19  mb. 
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Fi.vre  2. 8.  30  Million  Cu  Ft  Balloon  at  Longreach,  QLD,  just  After 
Launch 


Figure  2. 9  Altitude  and  A* cent  Rate  for  30  Million  Cu  Ft  Balloon  at 
Longreach,  QLD  <FUght  488-A) 
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Figure  2. 10.  Ascent  Curve  from  Data  Taken  from  Onboard  Pressure 
Gauge.  (Flight  468-A) 


2.6  CONCLUSION 

To  conclude,  I  would  like  to  say  that  a  number  of  discoveries  in  the  past  year 
or  so  have  made  high-energy  gamma  ray  astronomy  a  very  exciting  field  of  in¬ 
vestigation.  Also,  the  availability  of  reliable  large  balloons  capable  of  taking  a 
payload  such  as  ours  to  pressures  less  than  1  mbar  offers  an  exceptional  oppor¬ 
tunity  in  the  near  future  to  do  better  experiments  from  balloon  platforms. 


3.  High  Energy  Astrophysics  From  Balloons 

J.F  Orme* 

NASA/Goddard  Space  Flight  Center 
Greenbelt,  Maryland 


The  cosmic  corpuscular  radiation  consists  of  completely  ionized  nuclei  of  the 
elements  from  hydrogen  through  iron  and  beyond.  A  single  cosmic  ray  has  been 
found  with  a  charge  which  may  exceed  that  of  any  particle  known.  Our  knowledge 
began  in  1 948  when  heavy  cosmic  rays  were  discovered  in  balloon  borne  photo¬ 
graphic  emulsions  (Freier  et  al,  1948).  It  has  subsequently  been  realized  that  these 
cosmic  rays  represent  a  sample  of  matter  from  the  galactic  thermonuclear  furnaces 
where  elements  are  formed.  They  contain  enormous  energies  in  a  single  particle 
extending  in  energy  up  to  10^®  eV  and  so  represent  products  of  the  most  energetic 
phenomena  known.  As  such  they  represent  an  important  astrophysical  phenomenon. 
Filling  the  galaxy  with  an  energy  density  of  1  eV/cm3,  comparable  to  the  energy  in 
gas  turbulence  and  magnetic  fields,  they  have  an  important  effect  on  the  dynamical 
structure  and  stability  of  the  galaxy  (Parker,  1 965).  A  large  fraction  of  the  direct 
measurements  of  the  cosmic  radiation  have  been  made  in  high  altitude  balloons. 
More  recently,  the  new  fields  of  X-and  y-ray  astronomy  have  developed,  and  to¬ 
gether  with  cosmic  rays  they  have  formed  an  area  of  study  now  called  High  Energy 
Astrophysics.  This  arose  because  the  X-and  y-rays  are  photons  energetic  enough 
to  behave  more  like  particles  than  electromagnetic  waves.  Hence,  the  techniques 
of  measuring  cosmic  rays  could  be  directly  applied  to  these  studies.  X-ray 
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emitting  stars  and  nebulae  have  been  identified  and  a  strong  y-ray  emission  from 
the  center  of  the  galaxy  has  been  observed.  A  good  deal  of  the  early  work  in  these 
fields  has  been,  and  is  being,  done  from  balloons. 

It  is  of  course  true  that  those  things  which  can  be  measured  most  easily  have 
been  measured  first.  Our  present  measurements  have,  for  example,  taken  full 
advantage  of  existing  balloon  technology.  In  order  to  see  how  extensions  of  balloon 
technology  could  affect  higlt  energy  astrophysics,  a  brief  survey  of  our  present 
state  of  knowledge  will  be  given.  A  few  of  the  measurements  that  would  be  useful 
for  extending  our  knowledge  and  their  implications  for  balloons  will  be  discussed. 

The  cosmic  rave  are  known  to  extend  in  energy  from  a  few  million  electron 
volts  to  1020  or  more  electron  volts  (Linsley,  1963).  The  spectrum  of  these  parti¬ 
cles  is  shown  in  Figure  3-1.  Note  how  rapidly  the  intensity  decreases  with  increas- 
14 

ing  flux.  Above  10  eV  all  the  data  come  from  extensive  air  shower  arrays,  in 
which  the  cosmic  rays  are  studied  by  measuring  the  characteristics  of  the  shower 
of  secondary  particles  produced  when  a  primary  cosmic  ray  interacts  in  the  atmos¬ 
phere.  These  detector  arrays  are  spread  over  large  areas  on  the  ground  and  oper¬ 
ate  for  many  years  in  order  to  obtain  statistically  meaningful  results  (Brownlee 
et  al,  1969). 

At  energies  from  1010  eV  to  10*4  eV,  very  little  information  is  available.  At 
these  energies  particles  are  completely  relativistic,  having  velocities  essentially 
equal  to  the  velocity  of  light.  As  a  result,  measuring  energies  is  very  difficult 
and  requires  heavy  equipment  (Ormes  et  al,  1 968).  In  addition,  the  low  intensities 
of  these  particles  require  large  area  detectors  and  long  exposure  times.  To  study 
these  particles  from  balloons  requires  altitudes  in  the  range  of  1 00  to  1 20  thousand 
feet  or  higher,  but  the  background  increases  linearly  with  pressure  (and  hence 
exponentially  with  decreasing  height).  The  hope  is  that  in  the  near  future,  scien¬ 
tific  payloads  in  the  range  of  2  to  5  tons  can  regularly  be  carried  to  these  altitudes. 
In  the  long  term  what  is  required  is  long  observing  times  and  this  can  probably  only 
be  achieved  on  satellites. 

Quite  detailed  information  on  the  charge  composition  and  energy  spectra  of 
cosmic  rays  is  already  available  at  low  energies.  Some  of  this  data  is  summarized 
in  Figure  3.  2.  The  most  intense  region  of  the  spectra  of  all  the  components  lies  at 
a  few  hundred  MeV,  and  conveniently  the  overlying  atmosphere  does  not  produce 
prohibitive  background  in  this  energy  range.  For  this  reason  most  of  the  early  in¬ 
formation  between  100  and  1000  MeV  came  from  balloon-borne  detectors. 

At  present,  satellite  detectors  have  been  used  to  extend  our  information  to 
still  lower  energies.  However,  satellite  detectors  have,  until  now,  been  small 
and  have  had  to  operate  for  long  times  to  obtain  significant  fluxes  of  particles.  The 
energy  region  below  100  MeV  is  of  particular  interest  for  studies  because  so  many 
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Figure  3.  2.  Differential  Spectra  of  the  Various  Cosmic  Ray  Constituents  at 
Low  Energies,  Most  of  this  data  above  108  eV/nuc  comes  from  balloon  borne 
instrumentation 


energy-dependent  phenomena  are  supposed  to  become  important  in  this  energy 
range.  Detectors  for  studying  low  energies  need  not  be  heavy  but  they  must  be 
large  in  area.  To  do  studies  of  thus  type  would  require  large-area,  light-weight 
detectors  carried  to  very  high  altitudes.  Detectors  of  a  few  hundred  pounds 
carried  to  0.  5  mb  pressure  for  long  flights  from  high  latitude  stations  would  be 
exceedingly  useful. 

Gamma  rays  are  exceedingly  rare  events  from  the  cosmos.  To  date,  the  only 
identified  emission  is  a  line  source  in  the  direction  of  the  galactic  center  lying  in 
the  plane  of  the  galaxy  (Clark  et  al,  19S8).  It  was  discovered  in  a  satellite  experi¬ 
ment  and  has  recently  been  verified  in  a  balloon  experiment  flown  in  Australia.  To 
search  for  other  sources  from  balloons  will  require  payloads  in  the  1000  to  2000  lb. 
range,  with  very  long  exposures  and  altitudes  of  3  or  4  mb.  In  addition,  accurate 
pointing  devices  would  be  required  to  locate  the  sources  and  to  maintain  a  fixed 
orientation  of  the  experiment  with  respect  to  the  celestial  objects. 

X-ray  astronomy  has  progressed  a  long  way  in  the  last  few  years  with  experi¬ 
ments  flown  on  rockets  and  balloons.  Point  sources  of  X-rays  have  been  identified 
with  stellar  objects  and  X-ray  emissions  from  supernova  remnants  have  been  dis¬ 
covered  and  verified.  This  is  extremely  interesting  in  light  of  the  recent  discovery 
of  pulsars.  Pulsars  are  pulsating  sources  of  electro- magnetic  radiation  which  are 
believed  to  be  rapidly  rotating  neutron  stars  which  are  the  remnants  of  supernova 
explosions.  Extending  measurements  from  balloons  will  require  large-area  detec¬ 
tors  and  stably  oriented  payloads.  These  payloads  would  be  in  the  500  pound  class 
and  would  be  required  to  go  to  very  high  altitudes,  say  0.  5  mb. 

To  summarize  these  balloon  needs,  development  of  a  cheap,  reliable  system 
for  very  heavy  payloads  would  seem  to  be  the  easiest  to  realize.  Somewhat  further 
in  the  future  but  of  potentially  very  great  importance  would  be  the  development  of 
superpressure  balloons  capable  of  carrying  payloads  of  several  hundred,  or  even 
a  few  thousand  pounds.  Staying  aloft  for  many  days,  weeks  or  even  months  at 
altitudes  comparable  to  those  presently  being  achieved  with  present  payloads  would 
be  a  big  step.  When  these  payloads  can  be  carried  to  0.  5  mb  on  superpressure 
balloons,  the  only  thing  a  satellite  will  be  needed  for  is  tracking. 

If  this  sort  of  development  expands  and  replaces  much  costlier  satellite  pro¬ 
grams,  then  the  present  balloon  facilities  will  be  unable  to  handle  the  business. 
Even  now  scheduling  is  a  problem  with  optimal  flight  conditions  coming  only  twice 
a  year  and  with  the  uncertainties  inherent  in  experimental  work. 

To  relieve  this  pressure  many  standardization  features  could  be  introduced. 
For  example,  a  series  of  community  telemetry  stations  could  be  set  up  at  intervals 
across  the  country  which  would  be  available  for  all  experimenters  and  for  long 
flights.  The  balloon  support  system  could  include  data  telemetry  as  in  the  case  of 
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satellites.  Data  format  into  the  system  from  experimenters  could  be  specified, 
and  then  the  transmission  and  receiving  could  be  done  by  the  community  stations. 

A  tax  on  each  user  could  be  made  for  operation,  upkeep  and  new  equipment.  Flights 
with  multiple  experiments  on  board  would  then  be  easier,  as  all  experiments  would 
feed  data  into  a  common  telemetry  channel  with  subsequent  demodulation  into  indi¬ 
vidual  signals  on  the  ground.  As  development  proceeded,  the  ground  receiving 
stations  could  be  replaced  by  a  satellite  tracking  system  ouch  as  the  IRLS 
(Gottesman).  This  should  remove  a  major  obstacle  to  multiple  payload  flights. 

An  exciting  possibility  exists  -  to  someday  have  a  balloon  which  can  carry 
several  experiments  on  a  several  months  flight  at  high  altitudes.  It  is  important 
that  balloons  be  developed  to  keep  pace  with  the  needs  of  the  scientific  community. 

In  this  time  of  budget  cutbacks,  etc. ,  I  hope  some  orderly  process  can  be  found 
for  ordering  priorities  and  funding  balloon  development.  If  balloon  costs  can  be 
kept  moderate  and  the  reliability  can  be  made  reasonably  high,  then  this  will  repre¬ 
sent  a  significant  contribution  to  high-energy  astrophysics. 
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Abstract 


A  helium-filled,  zero-pressure  (internal  and  external  pressures  equal),  poly¬ 
ethylene  balloon,  28.  7  million  cubic  feet  in  volume  (the  largest  to  date),  was 
launched  on  11  September  1968  from  White  Sands  Missile  Range  (WSMR),  New 
Mexico,  to  study  the  atmospheric  tides  that  rocket  soundings  have  indicated  exist 
in  the  40  to  60  km  atmospheric  region.  The  balloon  served  as  a  constant-level 
stable  support  for  a  scientific  payload  consisting  of  six  instruments  for  the 
measurement  of  temperature,  pressure,  density,  and  related  ozone  and  water 
vapor  concentrations  near  48  km.  Radar  position-time  data  served  to  determine 
the  wind  velocity.  The  balloon  reached  a  record  altitude  of  48.5  km  and  then  fol¬ 
lowed  a  predicted  trajectory  extending  from  WSMR  to  Twenty-Nine  Palms,  Calif¬ 
ornia.  Seventeen  hours  of  stratospheric  meteorological  data  were  obtained  with 
four  hours  being  obtained  in  the  48  km  altitude  region.  This  paper  describes  the 
various  aspects  of  the  balloon  system  and  its  flight,  and  lists  the  significant 
results  obtained;  it  is  intended  to  serve  as  a  reference  for  subsequent  papers 
related  to  a  detailed  analysis  of  the  various  records. 
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U  IMROIH  CTION 

A  program  designed  lo  determine  the  nature  and  extent  of  atmospheric  tides 
in  the  30  to  60  km  region  has  been  in  progress  since  1964  at  the  U.  S.  Army 
Atmospheric  Sciences  Laboratory  (ASL)  at  White  Sands  Missile  Range,  New 
Mexico.  These  atmospheric  tides  have  been  shown  to  exist  through  a  study  of  the 
data  obtained  from  five  rocketsonde  experiments,  four  at  WSMR  (Beyers  and 
Miers,  1965;  Miers,  1965;  Beyers  et  al,  1966),  and  one  at  Ascension  Island 
(Beyers  and  Miers,  1968). 

The  observed  tidal  oscillations,  as  evidenced  by  amplitude  variations  in  the 
wind  velocity  of  approximately  10  m  sec  *  at  60  km,  have  a  dominant  diurnal  mode 
and  are  accompanied  by  diurnal  temperature  variations  with  mean  amplitudes 
which  measure  from  2°C  at  40  km  to  8°C  at  60  km.  The  magnitudes  of  these 
measured  tidal  wind  and  temperature  variations  are  considerably  larger  than  those 
predicted  from  theoretical  considerations  (Leovy,  1964;  Lindzen,  1967). 

This  discrepancy  between  the  theoretical  and  empirical  results  has  led  to 
extensive  studies  related  to  corrections  that  must  be  applied  to  the  observed  wind 
velocities  and  temperatures.  These  are  determined  from  the  successive  radar- 
determined  positions  of  a  descending  parachute  and  from  the  parachute-borne 
bead  thermistor  temperaturesonde,  respectively.  Corrections  to  the  observed 
wind  velocities  have  been  determined  by  Eddy  et  al  (1965)  and  Murrow  (1965). 
Corrections  to  the  observed  temperatures  have  been  determined  by  Wagner  (1961, 
1964);  Ballard  (1961,  1967,  1968);  Pearson  (1964);  Hind  (1966);  Drews  (1966); 
Thompson  and  Keily  (1967);  Thompson  (1968);  Ballard  and  Rubio  (1968);  Hyson 
(1968);  Ballard  and  Rofe  (1969). 

While  all  known  physical  effects  appear  to  have  been  accounted  for  in  the  de¬ 
termination  of  these  corrections  to  the  observed  wind  velocities  and  temperatures, 
additional  experiments  were  conducted  at  ASL  in  an  attempt  to  understand  the  still 
existing  theoretical  and  observational  differences.  These  experiments  utilized 
independent  sensing  techniques  to  determine  the  temperature -related  atmospheric 
parameters  of  pressure  and  density.  Atmospheric  pressures  in  the  30  to  60  km 
height  interval  were  determined  by  a  thermal  conductivity  pressure  gauge  (Thiele 
and  Beyers,  1967)  while  atmospheric  densities  in  the  same  atmospheric  region 
were  determined  by  a  parachute-borne  beta-ray  densitometer  (Ballard  et  al,  1966; 
Sellers  et  al,  1969).  In  addition,  a  rocket-borne  ozonesonde  was  developed  by 
Randhawa  (1968)  to  determine  the  ozone  profile  in  the  30  to  60  km  atmospheric 
region. 

This  background  and  the  progression  of  balloon  technology  to  the  point  that  it 
is  now  feasible  to  launch  a  constant-altitude  balloon  to  a  height  of  50  km,  plus  the 
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ability  to  predict  the  balloon  trajectory  from  10  years  of  Meteorological  Rocket 
Network  (MRN)  data  concerning  the  winds  in  the  30  to  65  km  interval,  led  to  the 
integrated  tidal  experiment  described  herein.  The  balloon  served  as  a  stable  sup¬ 
port  for  a  payload  of  six  modified  rocketsonde  instruments.  Atmospheric  winds 
were  obtained  from  the  radar-determined  balloon  trajectory,  atmospheric 
temperature  by  thin-film-mounted  bead  thermistors,  atmospheric  pressure  by  a 
thermal  conductivity  gauge,  atmospheric  density  by  a  beta-ray  densitometer  and 
oxone  concentration  by  a  chemiluminescent  ozonesonde. 

The  balloon  flight  was  conducted  as  a  cooperative  experiment  among  the 
U.S.  Army  Atmospheric  Sciences  Laboratory  (ASL),  the  Balloon  Branch  of  the 
U.S,  Air  Force  Cambridge  Research  Laboratories  (AFCRL)  and  Schellenger 
Research  Laboratories  of  the  University  of  Texas  at  El  Paso. 


4.2  BALLOON  CHARACTERISTICS  AND  INSTRUMENTATION 

The  polyethylene  balloon,  with  a  material  thickness  of  0.45  mils  and  a  total 
volume  of  28.  7  million  cubic  feet,  was  designed  and  fabricated  jointly  by  AFCRL 
and  Winzen  Inc.  and  launched  from  WSMR  for  ASL  by  the  Balloon  Branch  of  AFCRL 
located  at  Holloman  Air  Force  Base,  New  Mexico.  The  balloon,  as  shown  in 
Figure  4. 1,  contains  only  14,  000  cubic  feet  of  helium  (STP).  When  fully  expanded 
at  48,5  km,  as  shown  in  the  telescopic  photograph  of  Figure  4.2,  the  balloon  had 
a  mean  diameter  of  410  feet. 

The  balloon  experiment  required  a  supporting  frame  for  six  atmospheric 
sensors  with  their  associated  power  supplies  and  telemetry  systems.  A  weight 
limit  of  75  pounds  was  initially  set  for  the  sensor  payload  so  that  the  planned  al¬ 
titude  of  approximately  50  km  might  be  reached  by  the  balloon  system.  The 
sensor  payload  was  constructed  with  a  total  weight  of  59  pounds.  It  consisted  of 
aluminum  frame  and  ballast  exit  (7.5  lbs),  central  battery  power  supply  and  sensor 
modulation  circuitry  (30  lbs),  two  1680  MHz  transmitters  (3  lbs),  and  six  atmos¬ 
pheric  sensors  with  their  associated  mountings  (16.  5  lbs). 

Environmental  chamber  tests  determined  that  Yardney  silver  cell  batteries 
would  best  meet  the  temperature,  pressure,  ampere-hour  and  weight  require¬ 
ments  specified.  It  was  established  that  if  the  environment  temperature  was  no 
less  than  0°C,  the  batteries  performed  satisfactorily  even  though  there  was  some 
boll -off  cf  the  electrolyte  at  the  pressure  corresponding  to  an  altitude  of  50  km. 
Since  most  of  the  balloon  flight  was  to  be  in  an  atmospheric  region  where  the 
temperature  is  approximately  0°C,  the  primary  concern  was  the  protection  of  the 
batteries  through  the  tropo pause  region  during  balloon  ascent.  Thus,  styrofoam 


Figure  4. 1.  The  Partially  Filled  Balloon  at  Time  of  Launching 


Figure  4.2.  The  FliUy  Expanded  Balloon  at  48.5  km 
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sheets  three  inches  thick  were  utilized  for  the  walls  of  the  battery  box.  A  ther¬ 
mally  controlled  heater  which  dissipated  13  watts  of  power  maintained  the  bat¬ 
teries  at  15°C  when  the  environment  temperature  was  -70PC.  The  battery  box 
also  contained  the  various  electronic  circuits  for  the  atmosphere  sensor  payload. 

The  rf  transmitter  was  a  standard  radiosonde  1680  MHz  unit.  While  the 
average  life  of  these  transmitter  tubes  exceeds  24  hours,  an  alternate  trans¬ 
mitter  was  installed  which  was  activated  when  the  primary  unit  failed.  This  was 
accomplished  by  using  an  rf  detector  and  signal  level  sensing  circuit  which 
electronically  switched  the  filament  battery  supply  from  the  primary  to  the 
secondary  transmitter,  if  the  rf  power  dropped  by  more  than  50  percent  from  its 
nominal  value. 

The  atmosphere  sensors  were  modified  rocket-borne  instruments  which  had 
been  developed  over  a  period  of  several  years.  They  were: 

Bead -thermistor  temperature  sensor  (Ballard,  1967). 

Bead-thermistor  temperature  sensor  with  solar  shields. 

Thermal  conductivity  pressure  gauge  developed  by  Metrophysics  Inc. 

(Thiele  and  Beyers,  1967). 

Beta-ray  atmospheric  densitometer  (Ballard  et  al,  1968;  Sellers  et  al,  1969). 

Chemiluminescent  ozone  sensor  (Randhawa,  1968). 

Cryogenic  sampler  for  the  determination  of  atmospheric  composition 

(Ballard  et  al.  1968). 

The  temperature  sensors  and  thermal  conductivity  pressure  gauge  were 
mounted  on  hollow  glass  epoxy  rods  which  extended  three  feet  below  the  aluminum 
frame. 

Electronic  circuits  were  developed,  which  allowed  each  of  the  five  atmos¬ 
pheric  sensors  to  pulae-modulate  the  transmitter  successively  for  a  period  of 
one  minute  out  of  the  five  minutes  necessary  to  complete  the  sensor  sampling 
cycle.  Data  from  five  of  the  instruments  was  telemetered  to  the  ground  stations. 
Figure  4. 3  is  a  block  diagram  of  the  electronic  circuitry  for  the  sensor  payload. 

The  cryogenic  sampler  was  designed  to  obtain  two  independent  samples  of 
the  atmosphere  after  the  balloon  had  r-«~hed  ita  float  altitude.  Spring-loaded 
mechanical  valves  to  the  sample  <..~mbers  of  the  probe  were  opened  and  closed 
by  explosive  squibs.  The  squibs  were  fired  electronically  by  pulses  occurring 
et  predetermined  times.  No  data  was  telemetered  from  the  cryogenic  sampler, 
which  was  to  be  recovered  and  its  contents  analyzed  by  a  mats  spectrometer. 

Figure  4.4  shows  the  complete  balloon  payload  constating  of  radar  reflector 
(on  the  earth's  surface/;  parachute;  balloon  control  package  consisting  of  ballast 
hopper,  28S  lbs  of  lead  shot  as  ballast,  electronic  instrumentation  for  remotely 
controlling  the  times  for  ballasting  and  balloon  destruction,  ballast  ejection  tube; 
and  atmospheric  sensing  package.  The  aluminum  frame  is  hexsgonsl  in  shape 
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Figure  4.  3.  Block  Diagram  of  the  Electronic  Circuitry  for  the  Sensor  Payload 
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Figure  4.4,  The  Compete  Balloon  Payload  -  Radar  Reflector,  Parachute. 
Balloon  Control  Package,  Ballast  Ejection  Tube,  and  Atmospheric  Sensing 
Package 
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with  a  maximum  extent  of  3  feet.  The 
distance  from  the  end  of  the  balloon  to 
the  temperature  sensors  mounted  on  the 
glass  epoxy  rods  is  64  feet  when  the  para¬ 
chute  and  instrument  package  are  fully 
extended  below  the  balloon  (Figure  4.4). 

This  was  the  maximum  allowable  distance 
as  dictated  by  the  procedures  for  launch¬ 
ing  the  balloon.  Figure  4.  S  shows  the 
arrangement  of  the  sensing  instruments. 

Extending  below  the  aluminum  frame 
(from  leit  to  right)  are  the  atmospheric 
pressure  thermal  conductivity  gauge, 
beta-ray  densitometer,  ballast  exit  tube, 
two  1680  MHz  transmitters,  bead- 
thermistor  temperature  sensor,  dual 
chamber  cryogenic  atmospheric  sampler, 
and  bead-thermistor  temperature  sensor 
with  solar  radiation  shields.  Mounted 
above  the  aluminum  frame  are  the  central 
battery  and  telemetry  package,  and  the 
chemiluminescent  ozonesonde. 

4.3  DATA  ACQUISITION  SYSTEMS 

Approximately  10  years  of  data  obtained  from  MRN  rocket  soundings  of  the 
atmosphere  in  the  30  to  65  km  region  indicated  that  a  balloon  could  be  launched 
from  WSMR  and  its  trajectory  at  an  altitude  of  approximately  50  km  predicted. 
These  data  showed  that  each  year  the  zonal  winds  in  the  45  to  55  km  height  inter¬ 
val  at  30°N  latitude  flow  from  the  east  from  1  May  to  mid-September  (Webb,  1966). 
The  peak  value  of  the  wind  apeed  i«  of  the  order  of  50  m  sec  1  in  July  and  then 
slowly  decreases  in  magnitude,  reaching  a  value  near  zero  in  the  period  extending 
from  10  to  IT  of  September.  The  wind  then  reverses  and  flows  from  the  west. 

The  corresponding  meridional  component  of  the  wind  is  from  the  south,  and  its 

*  J 

apeed  is  of  the  order  of  a  few  meters  sec  throughout  the  year.  Based  upon  this 
data,  the  ground-based  data  acquisition  sites  were  determined  so  that  the  balloon 
and  its  sensor  payload  would  be  under  continuous  surveillance  by  radar  and  GMD 
meteorological  receivers  for  a  period  of  approximately  24  hours,  as  the  balloon 
lollowed  a  northwesterly  trajectory  from  WSMR  to  the  eastern  border  of  California . 


Figure  4.5  The  Arrangement  of  the 
Atmospheric  Sensing  Instruments 
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Fixed  GMD  meteorological  receiver  and  FPS-16  radar  systems  exist  at 
WSMR  and  Fort  Huachuca,  Arizona.  From  the  range  characteristics  of  the  GMD 
and  FPS-16  systems,  it  was  determined  that  the  placement  of  two  additional 
mobile  GMD  stations,  one  at  Lordsburg,  New  Mexico  and  one  at  Springe rville, 
Arizona,  would  give  the  desired  continuous  tracking  of  the  balloon  system  by  both 
the  telemetry  receivers  and  the  radars. 

Figure  4.6  shows  the  locations  of  the  radar  and  GMD  sites  and  the  projection 
of  the  balloon  trajectory  onto  the  earth's  surface. 


4.4  BALLOON  TRAJECTORY  CHARACTERISTICS 

The  balloon  was  launched  at  0558  MST  on  11  September  1968  from  the  site 
seen  in  Figure  4. 1  at  WSMR,  New  Mexico.  The  x-y  plot  of  the  balloon  trajectory 
(Figure  4.6)  was  similar  to  that  predicted.  Immediately  prior  to  the  scheduled 
time  of  balloon  launch  it  was  known  that  the  winds  at  50  km  were  of  a  somewhat 
higher  speed  than  was  desirable;  however,  the  predicted  surface  winds  for  several 
days  after  11  September  were  such  (greater  than  2  to  3  knots)  that  their  occurrence 
would  have  precluded  successful  launching  of  the  balloon  before  the  easterly  zonal 
winds  at  50  km  shifted  to  a  flow  from  the  west,  thus  disrupting  the  experiment 
for  one  year. 

Because  of  these  factors,  the  actual  balloon  trajectory  extended  further  to  the 
west  of  WSMR  than  did  the  originally  planned  trajectory;  however,  the  tracking 
range  of  both  the  radar  and  GMD  systems  proved  to  be  approximately  twice  that 
expected,  giving  continuous  radar  and  telemetry  data  for  17  hours. 

Figure  4.  7  presents  the  altitude  vs  time  plot  for  the  balloon  which  corresponds 
to  the  x-y  trajectory  shown  in  Figure  4.  6.  Shown  also  in  Figure  4.  7  is  a  vertical 
cross  section  of  the  terrain  features  over  which  the  balloon  passed. 

The  balloon  reached  a  float  altitude  of  48.  5  km  approximately  2,  5  hours 
(0830  MST)  after  the  time  of  launch,  thus  giving  an  average  ascent  rate  of  5.4  m 
sec  *.  It  then  remained  at  an  essentially  constant  altitude  of  48.  5  km  (±  0.3  km) 
for  a  period  of  3  hours  and  15  minutes  (1145  MST).  During  this  time  interval 
(0830-1145)  ballast  was  released  at  0915  for  a  period  of  5  minutes,  and  again  at 
0955  for  a  period  of  5  minutes.  At  approximately  1145  MST  the  balloon  began  a 
slow  monotonic  descent  (0.3  m  sec'*)  and  reached  an  altitude  of  35  km  at  2300 
MST  at  which  time  FPS-16  radar  track  was  lost. 

The  balloon  flight  was  terminated  at  2330  MST  near  Twenty-Nine  Palms, 
California.  The  balloon  was  found  12  September  1968.  The  instrument  payload 
was  found  approximately  seven  months  later.  The  instruments  for  the  measure¬ 
ment  of  temperature,  pressure,  density  and  ozone  concentration  functioned  properly 
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so- 


Figure  4.  7.  The  Altitude  vs  Time  Plot  for  the  Balloon  which  Corresponds  to  the 
X-Y  Trajectory  of  Figure  4.6,  Points  at  which  ballast  ejection  occurred  are 
labeled  ,rB" 
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Density  as  Furctions  of  Time 
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*  throughout  the  flight,  and  data  concerning  these  parameters  were  telemetered 

continuously  to  the  various  ground  receiving  stations  from  the  time  of  balloon 
launch  to  the  time  of  balloon  flight  termination  (0558-2330  MST).  The  FPS-16 
radar  data  served  to  determine  the  balloon  altitudes  and  the  approximately  wind 
,  velocity  along  the  balloon  trajectory. 

The  dual-chamber  cryogenic  sampler  functioned  properly,  obtaining  two 
atmospheric  samples  at  an  altitude  of  48.5  km;  however,  the  atmospheric  samples 
obtained  were  subsequently  contaminated  by  extremely  slow  leakage  of  ground- 
level  air  into  the  samples  during  the  seven-month  period  in  which  the  sample  lay 
in  the  California  desert. 

The  altitude  of  the  balloon  and  the  atmospheric  pressure,  temperature,  and 
density  as  determined  by  the  thermal  conductivity  gauge,  the  STS  bead-thermistor 
and  beta-ray  densitometer,  respectively,  are  plotted  in  Figure  4-8  for  the  time 
period  extending  from  0830-1320  MST.  The  ozone  data  have  been  published  by 
Randhawa  (1969). 

As  an  integral  part  of  the  balloon  experiment,  a  rocket-borne  STS  tempera¬ 
ture  and  wind  sensing  instrument  was  fired  to  an  altitude  of  65  km  at  1145  MST 
for  the  purpose  of  comparing  rocketsonde  temperatures  and  wind  data  with  the 
corresponding  parameters  as  determined  from  the  balloon  flight.  By  a  fortunate 
circumstance,  an  Arcasonde  1A  temperature  and  wind  sensing  instrument  was 
fired  from  San  Nicolas  Island,  California  at  1121  MST.  The  data  from  the  WSMR 
and  San  Nicolas  Island  rocket  soundings  are  presented  in  Figures  4.9  and  4. 10, 
respectively.  The  balloon,  at  the  time  of  the  rocket  soundings,  was  over 
f  mountainous,  wooded  terrain  (height  3  km)  located  in  Arizona  [see  Figures  4.6 

and  4.  7  and  refer  to  item  (5)  in  Section  4.  5l. 

4.5  LISTING  OF  SIGNIFICANT  RESULTS 

A  yme  of  approximately  8  months  was  required  to  reduce  the  radar  and 
telemetry  records  to  obtain  wind  speed,  balloon  altitude,  pressure,  temperature 
and  density  at  successive  points  along  the  balloon's  trajectory.  An  analysis  of 
these  records  indicates  that  a  number  of  significant  results  were  obtained  from  the 
b  x>n  flight.  These  are  listed  below: 

U)  The  uncertainty  in  the  determined  altitude  of  the  balloon  did  not  exceed 
±75  meters  from  0830-1600  MST  (Figures  4.6  and  4.7). 

(2)  The  pressure,  as  determined  by  the  thermal  conductivity  pressure  gauge 
on  the  balloon  package,  agreed  within  3  percent  of  the  atmospheric  pressures 
computed  through  the  hydrostatic  equation  and  the  perfect  gas  equation  of  state 


Figure  4. 10.  Wind  and  Temperature  Profiles  from  a  Rocket  Sounding  at  San 
Nicola*  Island,  California,  at  1121  MST,  11  September  1968 
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(Ballard,  1967)  from  the  temperatures  as  determined  from  the  STS  rocketaonde 
fired  at  1145  MST  and  the  pressure  at  34.  3  km  from  a  hypsometer  radiosonde. 

(3)  The  horizontal  component  of  the  wind  speed  as  determined  from  the 
(x-y)  trajectory  of  the  balloon  (Figure  4. 6)  is  in  excellent  agreement  with  the 
wind  speeds  as  determined  from  the  rocxetsonde  data  presented  in  Figures  4.  9 
and  4. 10, 

(4)  A  study  of  the  vertical  trajectory  of  the  balloon  between  the  times  of 
0830  and  1200  MST  is  suggestive  of  a  vertical  upward  motion  of  the  atmosphere 
at  a  velocity  of  approximately  70  cm  sec*1. 

(5)  An  examination  of  the  balloon  trajectory  (Figure  4. 6)  at  approximately 
1210  MST  and  a  study  of  the  terrain  over  which  the  balloon  was  floating  at  that 
time  (Figure  4.  7)  are  suggestive  of  an  orographic  perturbation  in  the  atmos¬ 
pheric  flow  pattern  which  propagated  to  48  kn;.  The  rocket  soundings  from  WSMR 
(Figure  4. 9)  and  from  San  Nicolas  Island  (Figure  4. 10)  show  a  wind  with 
components  from  the  south  and  east  at  48  km.  The  balloon  moved  sharply  to  the 
south  at  1210  MST. 

(6)  The  atmospheric  density  values,  as  determined  by  the  beta-ray  densito¬ 
meter,  at  all  altitudes  throughout  the  balloon  trajectory,  were  approximately  307o 
greater  than  the  density  values  as  determined  from  the  rocket  sounding  at 

1145  MST  from  WSMR. 

(7)  The  temperatures  at  48  km  as  determined  by  balloon-borne  bead-thermistor 
temperature  sensors  (which  were  identical  in  configuration  to  the  rocket-borne 
temperature  sensor  fired  at  1145  MST  from  WSMR)  were  approximately  10°C 
higher  than  rocketsonde  temperatures  at  48  km.  This  was  expected  because  of 

the  proximity  of  the  temperature  sensors  to  the  sunlit  balloon.  The  balloon- 
launching  procedures  dictated  that  the  payload  could  not  be  more  than  64  feet  from 
the  lower  end  of  the  balloon  at  the  time  of  launching. 

The  results  listed  above  will  be  discussed  in  more  detail  in  subsequent 
papers  related  to  the  balloon  experiment. 
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Abstract 
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A  relatively  aimple  payload  orientation  system  has  been  developed  and  the 
prototype  unit  has  been  flown  on  a  balloon  flight  launched  from  Palestine.  Texas. 
The  system  provides  a  reference  platform  stabilized  to  a  north-south  reference. 
From  this  platform  the  scientific  payload  is  oriented  about  two  independent  axes 
(azimuth  and  elevation)  to  an  accuracy  of  41.  4°  by  means  of  a  fully  digital,  ground* 
commandoi  pointing  system. 

The  fixed  platform  is  stabilized  through  the  use  of  a  magnetometer-controlled 
analog  servo  system  which  drives  a  bi-directional  DC  motor.  The  magnetometer 
converts  a  measurement  of  the  earth's  magnetic  field  flux  to  an  error  voltage  which 
drives  the  correction  motor.  This  unit  maintains  a  fixed  aspect  between  the  plat¬ 
form  and  the  earth's  magnetic  field  lines.  A  small  built-in  electronics  "deadband" 
limits  the  stabilization  accuracy  to  +3°. 

Movement  about  each  of  the  azimuth  and  elevation  axes  is  achieved  by  means 
of  a  digital  servo  system  utilizing  a  stepping  motor  as  the  prime  mover.  A  com¬ 
plement  of  seven  ground -initiated  commands  enables  angular  movement  in  azimuth 


•This  publication  is  the  result  of  research  sponsored  by  the  National  Aero 
nautics  and  Space  Administration  under  Grant  NGR- 30-002-02 1 , 


.m  !  elevation  in  I1’  an.l  10°  increments  and  in  either  direction  of  rotation.  An 
angular  position  readout  for  each  axis  is  provided  bv  a  seven  bit  digital  shaft 
vncixlvv. 


A  1  (  M  i  ,\1  !•  \|  telemetry  link  between  balloon  and  ground  permits  transmis- 
Si..n  Of  data  from  balloon  to  ground  and  commands  from  ground  to  balloon.  A 
flight  encoder-ground  decoder  system  provides  a  continuous  monitoring  and  visual 
display  of  the  azimuth  and  elevation  position  angles,  analog  magnetometer  error 
voltage,  and  commands  status  at  the  ground  station.  In  this  way  the  operator  has 
complete  control  over  the  payload  orientation  at  all  times  during  the  balloon  flight. 

t  he  prototype  system  was  used  to  point  a  large  volume  gamma-ray  detector 
on  a  high  altitude  balloon  flight.  The  scientific  payload  weighed  approximately  150 
pounds.  A  complete  description  of  the  pointing  system  and  results  of  its  perform¬ 
ance  in  this  flight  will  be  presented. 


.1.1  INTIMIHl  T.TION 


Very  often  in  balloon-borne  experiments  it  is  desirable  to  have  the  capability 
of  stabilizing  and  orienting  the  instrumentation  payload.  Such  orientation  systems 
can  become  quite  complex  depending  upon  such  constraints  as  the  number  of  axes 
<>f  motion  required,  the  pointing  accuracy  desired,  and  'he  weight  and  size  of  the 
payloads  involved. 

The  system  proposed  in  this  paper  provides  for  the  stabilization  and  biaxial 
orientation  of  balloon  payloads.  This  system  was  designed  to  meet  the  following 
design  criteria: 

(!>  The  system  must  have  two  independent  controllable  axes  of  motion. 

(21  Every  possible  pointing  direction  shall  be  attainable  with  the  system. 

(3)  Overall  pointing  accuracy  shall  be  equal  to  9  square  degrees  in  any 
chosen  direction. 

(41  The  system  shall  be  flexible  enough  to  handle  various  payload  configura¬ 
tions  without  compromising  system  operation. 

(5)  The  pointing  direction  shall  be  controlled  at  all  times  by  an  operator  on 
the  ground. 

(6)  The  resulting  configuration  to  be  achieved  at  minimum  cost. 

The  original  motivation  in  designing  such  a  system  was  the  desire  to  p  int 
directional  scintillation-counter  detectors  in  the  search  for  X-ray  and  gamma  ray 
radiations  from  celestial  objects.  However,  application  of  the  proposed  system  is 
not  limited  to  these  particular  experiments. 
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5.2  CKMKItM.  DISCISSION 

lilt;  basic  concept  of  the  orientation  system  is  to  provide  an  azimuthally- 
stabilized  reference  platiorm  upon  which  movement  of  the  scientific  instrument 
can  be  made  in  both  the  azimuthal  and  zenith  (or  elevation)  directions.  The  various 
coordinates  necessary  to  define  a  unique  pointing  direction  are  indicated  in  Figure 
5.  1,  The  vertical  axis  of  the  balloon  suspension+  gondola  defines  the  z-axis  of  the 
coordinate  system,  while  the  azimuthal  stabilization  provides  a  coordinate  vector 
in  the  horizontal  plane. 

Stabilization  about  the  vertical  axis  (that  is,  definition  of  the  horizontal  coor¬ 
dinate  vector)  is  achieved  with  a  closed  loop  servo  system  which  always  maintains 
a  magnetometer  (fixed  to  a  boom  on  the  gondola)  pointing  perpendicular  to  the  local 
horizontal  component  of  the  earth's  magnetic  field.  The  magnetometer  boom  thus 
defines  a  fixed  reference  direction  about  the  vertical.  This  stabilization  process 
uses  the  iner,tia-wheel  approach  whereby  the  entire  gondola  is  pivoted  below  a 
large  inertia  load  against  which  force  can  be  applied  to  maintain  the  reference.  For 
our  purposes  this  inertia  load  could  be  provided  by  the  balloon  itself  if  "rigidly" 
attached  to  the  gondola,  or  by  a  separate  inertia  wheel  or  weighted  boom. 


Figure  5.  1.  Sketch  of  the  Stabilized  Coordinate  System  and  the  Two 
Controllable  Pointing  Angles 
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Having  obtained  this  coordinate  system  defined  by  these  two  perpendicular 
axes,  two  more  angles  must  be  specified  to  get  a  unique  pointing  direction.  These 
angles  are  the  AZIMUTH  and  ELEVATION  (or  ZENITH)  as  shown  in  Figure  5. 1. 

The  AZIMUTH  angle  is  realized  by  rotating  the  payload  with  respect  to  the  stabil¬ 
ized  boom,  while  the  ELEVATION  angle  requires  a  rotation  of  the  payload  with 
respect  to  the  vertical.  Both  of  these  motions  are  accomplished  through  the  use 
of  a  radio-commanded  digital  servo  system. 

The  entire  orientation  system  can  logically  be  divided  into  three  basic 
subsystems: 

(1)  Azimuthal  stabilization  subsystem  v/hich  provides  the  fixed  reference 
axis  in  the  horizontal  plane. 

(2)  Digital  servo  subsystem  which  produces  movements  in  azimuth  and 
elevation. 

(3)  Subsystem  which  includes  the  data  encoding,  command  verifications, 
telemetry  interface,  and  entire  ground  station  providing  for  control  of  the  point¬ 
ing  operation  and  continuous  visual  monitoring  of  the  system  performance. 

These  three  subsystems  are  treated  in  detail  in  the  following  sections. 

3.3  DESCRIPTION  OF  ORIENTATION  SYSTEM  OPERATION 
3.3.1  Azimuthal  Stabilization  Subsystem 

The  fixed  reference  of  the  stabilization  system  is  magnetic  north.  A  Schonstedt 
magnetometer  model  RAM-5C  is  used  as  an  error  sensor  and  is  mounted  on  a  boom 
to  lessen  the  effect  of  any  inherent  magnetic  field  or  the  distortion  of  the  earth's 
field  by  the  payload.  As  shown  in  Figure  5.  2,  the  servo  system  consists  of  the 
magnetometer,  a  summing  amplifier,  a  power  amplifier  with  nonlinear  feedback, 
and  a  DC  motor  to  drive  the  platform.  The  purpose  of  the  summing  amplifier  was 
to  subtract  the  bias  voltage  from  the  magnetometer.  The  system  drives  the  sensor 
(the  platform)  to  a  magnetic  null  and  this  summing  amplifier  reduces  the  output  of 
the  magnetometer  to  zero  volts.  The  power  amplifier  has  integral  positive  and 
negative  feedback  to  produce  the  transfer  function  shown  in  Figure  5.  2.  The  dead¬ 
band.  adjusted  to  be  about  +3°  of  boom  rotation,  and  the  short  segment  of  high  gain 
(essentially  the  open  loop  gain  of  the  amplifier)  insures  that  error  signals  too  small 
to  overcome  the  starting  friction  of  the  motor  and  drive  assembly  will  not  result  in 
a  large  idling  current.  When  the  error  signal  is  larger  than  the  deadband,  the  out¬ 
put  immediately  becomes  large  enough  to  drive  the  system  in  the  proper  direction 
for  null.  The  motor  excitation  control  relay  de-energizes  the  system  during  the 
ascent  stage  of  the  flight  and  is  closed  when  the  balloon  is  near  the  proper  altitude. 


5.3.2  Azimuth  and  Elevation  Drive  Subsystem 

The  digital  or  commandable  drive  systems  for  azimuth  and  elevation  control 
of  the  experiment  detectors  utilize  DC  stepping  motors  as  prime  movers.  The 
stepping  motor  is  unique  in  that  it  moves  in  discrete  increments  rather  than  ro¬ 
tates.  Thus,  speed  and  angular  rotation  may  be  closely  controlled  with  no 
overshoot. 

Figure  5.  3  shows  a  simplified  block  diagram  of  the  system  components.  The 
control  flip-flop  and  the  control  gate  inhibit  or  allow  the  clock  pulses  to  enter  the 
stepping  motor  driver.  The  command  to  step  produces  a  pulse  from  the  execute 
monostable  (the  monostable  prevents  relay  contact  bounce  from  giving  multiple 
step  commands)  which  sets  the  control  flip-flop.  This  enables  the  control  gate 
and  allows  the  pulses  to  drive  the  stepping  motor  through  the  stepping  motor  driver 
and  at  the  same  time  be  counted  by  the  drive  pulse  counter.  When  the  proper  count 
is  reached,  the  counter  resets  the  control  flip-flop  and  disables  the  control  gate. 
The  gearing  of  the  drive  systems  is  such  that  a  rotation  of  200  steps  by  the  step¬ 
ping  motor  produces  a  1°  change  in  platform  orientation.  The  step  selection  relay 
can  enable  the  drive  pulse  counter  to  accept  200  or  2000  counts  resulting  in  a  1° 
or  10°  change  in  platform  orientation.  Since  one  change  in  platform  orientation 
(azimuth  or  elevation)  is  made  at  a  time  only  a  single  drive  system  is  necessary. 
The  drive  selection  relay  connects  the  pulse  train  to  the  proper  stepping  motor. 
Motor  reversal  is  accomplished  by  reversing  the  phase  of  the  pulse  trains  to  the 
driver  by  the  motor  reversal  relay. 

The  current  to  operate  the  stepping  motor  is  fairly  substantial  (approximately 
two  amperes)  and  would  cause  excessive  drain  on  the  payload  batteries.  Therefore, 
the  stepping  motor  excitation  relay  de-energizes  the  motor  when  not  in  use.  The 
drive  system  utilizes  a  worm  gear  arrangement  which  prevents  any  movement  of 
the  platform  except  by  the  stepping  motor. 

To  command  the  system  the  NCAR  resonant  reed  relay  system  was  used.  A 
tone  transmitted  from  the  ground  is  received  by  the  balloon  and  closes  a  particular 
relay.  An  open  relay  (de-energized)  will  dictate  one  mode  of  operation  and,  when 
it  is  energized,  switch  the  system  to  a  complementary  mode.  The  commands  are 
as  follows: 

(1)  Magnetometer  motor  on  -  off.  This  enables  the  fixed  reference  point 
system  to  operate  when  required. 

(2)  Standby  -  operate.  In  the  standby  mode  the  current  to  the  stepping  motor 
is  interrupted  to  conserve  power.  In  the  operate  mode,  the  motors  are  fully  en¬ 
ergized  prior  to  movement. 

(3)  Azimuth  -  elevation.  This  determines  which  motor  will  be  connected  to 
the  drive  system. 
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Figure  5.  2.  Block  Diagram  of  the  Magnetometer  Azimuth  Stabilization  System 


Figure  5.  3.  Azimuth  and  Elevation  Drive  Systems 
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(4)  Clockwise  -  counterclockwise.  This  determines  the  direction  of  motor 
rotation. 

(5)  1°  -  10°.  This  determines  the  extent  of  motor  rotation  and  thus  the  rota¬ 
tion  of  the  platform. 

(6)  Execute.  This  enables  the  driver  system  to  drive  a  motor  as  per  previous 
commands. 

5.3.3  Data  Encoding  and  Transmission  Subsystem  and  Ground  Station 

To  verify  the  position  of  the  experiment  platform,  eight  bit  shaft  encoders 
(Gray  code)  were  connected  to  the  azimuth  and  elevation  axes.  These  encoder  out¬ 
puts  and  the  command  status  information  (DC  levels  controlled  by  command  relay 
contact  closures)  are  telemetered  to  the  ground  on  two  IRIG  telemetry  channels. 
Figure  5. 4  shows  the  block  diagram  of  the  PCM  system.  Seven  four-bit  shift 
registers  are  used  to  form  the  serial  data  stream.  Extra  bits  not  presently  used 
are  available  for  system  expansion.  For  example,  the  encoders  now  in  use  are 
accurate  to  only  1.  4°  although  the  digital  command  system  can  execute  movements 
as  small  as  1°.  Ideally,  the  accuracy  of  a  nine-bit  encoder  would  be  commensur¬ 
ate  with  the  system  and  the  telemetry  was  designed  to  handle  the  extra  bits.  A 
gated  clock  produces  a  sequence  of  28  pulses  which  shifts  the  contents  of  the  shift 
registers  into  the  data  stream.  The  data  rate  of  10  Hz  is  slow  enough  to  be 
handled  by  the  lowest  IRIG  subcarrier  channel.  The  gated  clock  also  commutates 
the  magnetometer  output  onto  the  same  telemetry  channel.  The  duty  cycle  is  five 
seconds  on  and  five  seconds  off.  As  shown  in  the  diagram,  one  five -second  inter¬ 
val  contains  the  digital  information  and  the  next  contains  the  analog-magnetometer 
data.  A  second  telemetry  channel  is  used  to  send  this  gated  clock  signal  to  the 
ground  for  data  synchronization  and  display. 

The  maximum  current  required  by  the  complete  stabilization  system  is  given 
below: 


+  28  Volts  (magnetometer) 

-  5  ma 

+  12  Volts  (analog  servo  system) 

-  800  ma 

-  12  Volts  (analog  servo  system) 

-  500  ma 

+  8  Volts  (stepping  motor) 

-  2  amps 

+  5  Volts  (logic) 

-  500  ma 

The  data  link  between  the  command  system  on  the  balloon  and  the  ground  is 
a  PCM/FM/FM  telemetry  network.  As  shown  in  Figure  5.  5  the  signals  are  re¬ 
ceived,  discriminated,  and  restored  to  the  original  data  line  and  gated  clock.  A 
dual  channel  strip-chart  recorder  and  a  seven-track  FM  tape  recorder  provide 
a  permanent  data  record. 

The  first  pulse  of  the  gated  clock,  its  risetime  restored  by  the  input  clock 
shaper,  triggers  a  one  shot  multivibrator  (pulse  duration  about  3.  9  seconds)  and 
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the  timing  generator  which  produces  the  10  second  period  square-wave  gate  for 
commutating  the  magnetometer  analog  signal  and  the  digital  data.  In  this  case, 
the  commutator  is  a  mechanical  relay.  This  method  of  using  monostable  multi¬ 
vibrators  for  synchronization  of  data  rat’  ar  than  a  true  synch  word  in  the  teleme¬ 
try  format  is  possible  because  the  digital  data  stream  is  present  for  only  2.  8 
seconds  (28  pulses  at  a  10  Hz  rate)  out  of  the  5  seconds  allotted.  By  centering 
the  clock  pulses  in  the  data  interval,  leaving  approximately  1. 1  seconds  on  either 
end,  multivibrator  timing  variations  can  be  neglected.  (The  centering  is  obtained 
by  the  3.  9  second  monostable:  2.  8  seconds  +  1.1  seconds  =  3.  9  seconds. ) 

The  digital  data  (now  separated  from  the  magnetometer  signal)  enters  the 
digital  data  input  shaper  to  restore  rise-time,  and  then  the  shift  registers  con¬ 
trolled  by  the  28  clock  pulses  from  the  gated  clock  channel.  At  the  end  of  the  digi¬ 
tal  data  interval,  provided  by  the  10-second  period  square  wave,  a  pulse  is  pro¬ 
duced  which  shifts  the  contents  of  the  registers  into  buffer  storage.  Before  entry 
the  encoder  data  is  converted  from  Gray  to  straight  binary  code  to  simplify  data 
reduction.  The  outputs  of  the  storage  registers  are  connected  to  lamp  drivers 
which  have  the  current  capacity  to  drive  the  display  lights. 

Although  the  ground  station  and  display  unit  is  quite  simple,  it  gives  the  com¬ 
mand  system  operator  full  knowledge  of  the  status  of  the  balloon  package.  Mag¬ 
netometer  data  indicates  whether  the  analog  servo  system  is  operative  and  keep¬ 
ing  a  fixed  reference  point;  the  status  lights  denote  the  commands  given  to  the 
system  and  verify  each  new  command  before  actual  movement  is  executed;  and 
the  shaft  encoder  displays  check  the  values  of  the  pointing  angles. 


5.4  PERFORMANCE  OF  PROTOTYPE  UNIT  IN  A  BALLOON  FLICHT 

A  prototype  unit  of  the  orientation  system  was  flown  from  Palestine,  Texas, 
on  26  November  1969.  It  was  used  to  control  the  pointing  direction  of  a  large 
volume  gamma-ray  spectrometer  which  had  crude  directional  properties.  Figure 
5.  6  is  a  pre-flight  photograph  of  the  complete  UNH  flight  payload.  The  portion  of 
the  payload  which  was  pointed  consisted  of  the  large  sphere  in  which  the  detector 
was  housed.  An  inertia  "dumbbell"  consisting  of  two  15-lb  lead  weights  attached 
to  a  12  ft  length  of  aluminum  channel  was  rigidly  coupled  to  the  main  load  carrying 
shaft.  This  shaft  was  then  decoupled  from  the  balloon  suspension  by  means  of 
a  swivel  coupling. 

Commands  for  the  system  were  provided  by  the  NCAR  resonant  reed  relay 
package.  The  NCAR  electronics  package  and  ballast  box  was  suspended  below  the 
gondola  mainframe  so  that  it  became  a  rigid  member  of  the  gondola  system. 
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A/ter  an  0750  CST  launch,  the  balloon 
reached  float  altitude  at  -1000  CST  and  re¬ 
mained  near  this  altitude  for -2  hours  be¬ 
fore  flight  termination.  The  azimuth 
stabilization  system  remained  off  on  as¬ 
cent  and  was  commanded  on  at  -1001  CST. 
Although  there  was  no  azimuth  stabiliza¬ 
tion  on  ascent,  a  series  of  elevation  move¬ 
ments  was  successfully  completed.  This 
provided  data  at  different  fixed  elevation 
angles  while  sweeping  in  azimuth.  On  as¬ 
cent  the  magnetometer  readout  indicated 
a  tendency  for  the  gondola  to  rotate  slowly 
in  one  direction.  We  feel  that  this  indi¬ 
cates  an  incomplete  rotational  decoupling 
of  balloon  and  gondola  by  the  Bwivel. 

After  the  stabilization  system  was 
activated,  several  more  series  of  move¬ 
ments  were  performed  which  required 
usage  of  both  the  elevation  and  azimuth 
control  systems.  These  digital  systems 
appeared  to  operate  well  throughout  the 
entire  flight. 

However,  accurate  pointing  requires  the  properly  stabilized  reference  direc¬ 
tion.  During  the  time  when  this  subsystem  was  operative,  the  magnetometer  out¬ 
put  voltage  at  the  ground  station  showed  the  following: 

(1)  Except  for  a  few  instances,  the  magnetometer  was  always  reading  one 
direction  from  null.  This  result  would  be  obtained  if  the  correction  system  had 
to  constantly  correct  for  a  steady  rotation  of  the  gondola  in  one  direction.  This 
is  consistent  with  the  incomplete  decoupling  of  balloon  and  gondola  mentioned 
previously. 

(2)  Quite  often  the  magnetometer  boom  was  seen  to  drift  beyond  the  deadband 
(sometimes  as  far  as  15°  from  null)  before  an  error  correction  was  made.  This 
effect  could  result  if  the  voltage  applied  to  the  DC  motor  at  the  deadband  edge  was 
insufficient  to  overcome  the  starting  friction  of  the  motor  and  gearing.  In  this  way 
the  boom  could  drift  out  of  the  deadband  until  a  large  enough  voltage  was  obtained 
to  start  the  motor  and  produce  an  error  correction. 

(3)  The  magnetometer  readout  also  showed  a  periodic  oscillation  of  the  mag¬ 
netometer  boom  about  its  average  pointing  direction.  This  motion  had  a  period  of 


Figure  5. 6.  Photograph  of  the  UNH 
Payload  Showing  the  Magnetometer 
Boom,  Gondola  Frame,  Scintillation 
Detector,  and  Detector  Electronics 
Container 
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~0.  5  min.  This  motion  could  result  from  the  continual  drifting  and  resiabi'.ization 
of  the  boom  arising  from  a  balloon  rotation  which  was  coupled  to  the  gondola. 

Also,  however,  it  could  result  from  a  pendulum  motion  of  the  balloon-gondola 
system  causing  the  magnetometer  to  pitch  up  and  down.  The  magnetometer  would 
then  sense  a  vertical  component  of  the  earth's  field  in  addition  to  the  horizontal 
component  giving  incorrect  magnetometer  readings  and  producing  the  observed 
effect. 

In  conclusion,  this  orientation  system  performed  with  limited  success  on  one 
balloon  flight.  The  actual  overall  pointing  direction  accuracy  in  this  flight  was 
~10°.  It  is  felt  that  with  minor  modifications  to  the  stabilization  zervo  drive  sys¬ 
tem,  the  design  criteria  of  < +3°  in  pointing  accuracy  on  eacn  of  the  movable  axes 
can  be  realized. 
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6.  A  Scientific  Mission  Using  a  Balloon 
in  the  Atmosphere  of  Venus 

R.M.  Henry  and  J.P.  Dick  sen,  Jr. 
NASA  Langley  Research  Center 
Hampton,  Virginia 


Abstract 


A  proposed  mission  for  the  scientific  exploration  of  the  planet  Venus  utilizing 
a  balloon-borne  instrument  package,  or  buoyant  station,  is  outlined.  Launch  ve¬ 
hicles,  trajectories,  orbits,  and  entry  systems  are  briefly  described.  Deployment, 
inflation  arid  control  systems,  and  balloon  construction  are  discussed  in  greater 
detail.  Instrumentation,  dropsondes  and  communication  systems  are  outlined, 
scientific  objectives  are  listed,  and  some  possible  balloon  trajectories  in  the  Venus 
atmosphere  are  shown. 


M  INTRODUCTION 

For  many  years  balloons  have  served  as  important  tools  for  scientific  observa¬ 
tions  in  the  Earth's  atmosphere,  and  it  is  natural  to  consider  their  use  in  the  ex¬ 
ploration  of  other  planets,  especially  planets  having  dense  atmospheres  such  as 
Venus.  Perhaps  the  first  mention  of  the  idea  in  print  was  made  in  1935  by  Edgar 
Rice  Burroughs  (1935),  whose  science-fiction  astronaut,  Carson  Napier,  operated 
an  airship  in  the  atmosphere  of  Venus.  More  recent  and  more  serious  suggestions 
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have  been  made  by  Pritchard  (1963),  who  considered  both  Mars  and  Venus; 
Greenfield  and  Davis  (1963  and  1965),  and  Davis  and  Greenfield  (1985)  who  con¬ 
sidered  only  Mars;  and  Gross  (1965  and  1966),  who  suggested  using  a  balloon  in 
the  Venus  atmosphere  for  entry  retardation  as  well  as  for  flotation. 

Evidence  accumulated  since  1963  indicates  that  the  Mars  surface  atmospheric 
pressure  is  near  6  mb  rather  than  the  previously  assumed  85  mb,  and,  as  a  result, 
use  of  balloons  in  the  Mars  atmosphere  is  considerably  less  attractive,  although 
not  completely  ruled  out  for  some  limited  purposes.  On  the  other  hand,  recent 
evidence  indicates  an  extremely  dense  atmosphere  for  Venus  with  surface  pres¬ 
sures  of  perhaps  a  hundred  Earth  atmospheres,  making  the  use  of  balloons  over 
Venus  more  attractive. 

Since  1965,  the  NASA  Langley  Research  Center  has  pursued  a  series  of  feasi¬ 
bility  studies  of  progressively  increasing  depth  on  the  design  of  balloon  systems 
and  complete  space  missions  utilizing  the  balloon  concept.  Both  in-house  studies 
and  contractual  studies  by  the  Martin-Marietta  Corporation,  Raven  Industries, 
ar.d  Geophysics  Corporation  of  America  have  been  included  (Final  Report  1967  and 
1969;  Sadin  and  Frank,  1968;  Steinberg  et  al,  1969;  and  Sadin  and  Frank,  1969). 

The  purpose  of  this  report  is  to  summarize  some  results  of  these  studies  with 
emphasis  on  the  balloon  systems  and  their  operation. 


6.2  MISSIONS  UTILIZING  BALLOONS 

The  basic  technique  for  placing  a  balloon  system  at  its  floating  altitude  in 
the  atmosphere  of  Venus  is  shown  in  Figure  6. 1.  The  primary  retardation  from 
interplanetary  velocity  to  subsonic  velocity  is  achieved  by  a  blunt- cone  aeroshell 
with  appropriate  heat  shield;  then  a  parachute  is  deployed  to  reduce  the  velocity 
further.  Coincident  with  the  parachute  deployment,  the  aeroshell  and  heat  shields 
are  jettisoned  and  an  instrumented  entry  probe  is  dropped.  This  entry  probe  is 
separate  from  the  balloon  system  and  provides  an  independent  atmospheric  profile 
measurement.  When  the  parachute  system  reaches  a  dynamic  pressure  of  1  pound 
per  square  foot,  at  a  velocity  of  about  30  feet  per  second,  balloon  inflation  is  begun. 
Before  inflation  is  complete,  the  parachute  is  released.  When  inflation  is  com¬ 
plete,  the  inflation  system  and  tanks  are  dropped.  Since  the  initial  temperature 
of  the  expanding  gas  is  low,  the  balloon  will  drop  to  some  distance  below  the  final 
equilibrium  altitude  before  the  lift  equals  the  weight.  As  the  balloon  begins  to  rise, 
gas  will  be  vented  to  the  atmosphere,  requiring  that  the  initial  gas  supply  be  greater 
than  that  required  for  equilibrium;  however,  the  additional  weight  is  much  less  than 
would  be  required  for  heating  the  gas.  Figure  6. 1  shows  that  a  typical  balloon  sys¬ 
tem  comes  to  equilibrium  after  about  40  minutes  and  after  dropping  about  1  km 
below  the  equilibrium  level. 


Tooo  1500  2o3t>  *  2500 

TIME,  sac 


V  f - 

I* - 400 - 


Figure  6. 1.  Entry  and  Deployment  Sequence 


Figure  6.  2.  Atmospheric  Structure  of  Venus 
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The  choice  of  an  equilibrium  altitude  is  governed  by  the  scientific  investiga-  " 

tions,  and  by  the  environment  provided  for  the  balloon  and  the  instrumentation  and 
electronics.  Figure  6.  2  shows  the  profile  of  atmospheric  temperature  derived 
from  Mariner  and  Venera  measurements.  The  profile  shows  the  original  Venera 

"surface"  at  the  pressure  of  around  20  Earth  atmospheres.  Although  this  value  * 

is  no  longer  widely  credited,  there  is  still  some  question  as  to  the  exact  radius 
and  pressure  of  Venus  surface.  However,  what  is  important  for  balloon  operation 
is  that  temperatures  near  the  clouds  are  well  known  both  in  relation  to  the  cloud 
tops  and  as  a  function  of  pressure  or  density.  Since  a  superpressure  balloon  floats 
at  a  particular  density,  we  cun  design  a  balloon  system  to  float  where  we  choose 
over  a  wide  range.  A  particularly  attractive  level  is  indicated  by  the  balloon  sym¬ 
bol  in  Figure  6.  2.  At  this  level,  the  pressure  is  600  mb,  the  density  corresponds 
to  5000  feet  in  Earth's  atmosphere,  and  the  temperature  is  70° F.  In  addition,  this 
level  is  within  the  expected  cloud  layer,  and,  according  to  Venera  data,  liquid 
water  drops  might  be  expected  to  be  present.  Thus,  it  seems  to  be  an  attractive 
level  for  not  only  cloud  composition  measurements  but  also  for  biological 
experiments. 

In  addition  to  the  density,  the  design  of  the  balloon  system  depends  on  the 
weight  of  the  balloon  and  its  payload.  Just  as  in  the  Earth's  atmosphere,  a  wide 
variety  of  types  and  sizes  of  balloons  might  be  used  in  the  atmosphere  of  Venus, 

and  in  the  course  of  investigation  balloon  systems  ranging  from  a  few  pounds  to  * 

thousands  of  pounds  have  been  considered.  However,  our  studies  of  complete  mis¬ 
sions  have  concentrated  on  a  system  with  a  buoyant  station  weight  (on  Earth)  of 

around  200  pounds  with  a  growth  potential  to  several  hundred  pounds.  By  the  ^ 

term  "buoyant  station"  we  mean  the  floating  balloon  along  with  its  lift  gas,  scien¬ 
tific  instrumentation,  power  systems,  communication  systems,  data  handling  sys¬ 
tems,  and  the  required  supporting  structures  and  equipment.  The  weight  of  the 
buoyant  station  determines  the  required  weight  for  inflation  equipment  and  tankage, 
parachute  systems,  aeroshell  and  heat  shields,  the  amount  of  propellant  required 
and,  finally,  the  type  of  launch  vehicle  required  and  the  type  of  trajectories  which* 
are  feasible.  Figure  6.  3  illustrates  trajectories  which  are  feasible  for  the  200- 
pound  class  buoyant  station  using  a  Titan  III-C  launch  vehicle. 

The  first  mission  illustrated  is  a  simple  flyby  with  direct  entry  of  the  aero¬ 
shell  and  the  buoyant  station.  In  this  case,  communications  must  be  by  a  direct 
link  from  the  buoyant  station  to  Earth,  at  least  for  missions  of  long  duration.  The 
communication  and  trajectory  requirements  limit  the  possible  target  points,  but 
some  desirable  points  are  available.  Figure  6. 3  illustrates  one  point,  and  the 
possible  balloon  trajectories,  based  on  a  model  of  atmospheric  circulation  which 
assumes  that  the  faintly  visible  "wagon  spoke"  markings  represent  the  wind  k 


pattern  at  cloud  level.  The  dashed  lines  show  the  limiting  trajectories  based  on 
limiting  velocities  of  4  and  40  mps. 

Next  shown  in  Figure  6.  3  are  the  entry  points  and  limiting  trajectories  for  an 
orbital  mission.  As  you  can  see,  the  computed  trajectories  begin  near  the  equator 
and  move  to  a  point  ..ear  the  pole.  This  is  the  most  desirable  trajectory  for  scien¬ 
tific  return.  The  orbital  mission  also  enhances  scientific  return  by  allowing  or- 
biter  experiments  and  combined  orbiter-buoyant  station-dropsonde  experiments. 

In  addition,  the  orbiter  serves  as  a  communication  relay  link  and  an  aid  in  position 
determination. 

Another  possibility  is  the  inclusion  of  a  buoyant  station  experiment  with  a 
Mercury-Venus  swingby  such  as  is  currently  planned  for  the  1975  launch  opportu¬ 
nity.  Of  course,  such  a  combination  requires  compromises  in  both  Venus  and 
Mercury  experiments.  As  shown  in  Figure  6.  3,  the  buoyant  station  entry  is  con¬ 
fined  to  the  dark  side  of  Venus,  eliminating  the  possibility  of  using  solar  cell 
power  systems,  and  the  uncertainty  in  trajectory  is  large,  with  the  possibility  of 
limited  latitude  coverage.  In  addition,  the  Mercury  trajectory  restrictions  result 
in  an  increase  of  entry  velocity  which  would  require  advances  in  heat-shield  tech¬ 
nology.  No  separate  Venus  experiments  are  included  in  the  planned  1975  Venus- 
Mercury  swingby  mission. 

6.3  BALLOON  SYSTEMS 

Whichever  type  of  trajectory  is  used,  the  entry,  deployment,  and  flotation 
systems  are  similar.  Figure  6. 4  shows  how  the  parachute  system,  the  inflation 
system,  the  balloon  and  gondola,  and  the  initial  dropped  probe  are  fitted  into  the 
entry  capsule.  A  further  weight  breakdown  of  these  systems  is  given  in  Figure  6.  5, 

Some  details  of  the  balloon  and  inflation  systems  are  shown  in  Figure  6.  6. 

Since  the  balloon  is  inflated  below  the  parachute,  in  the  deployment  sequence  shown 
in  Figure  8. 1,  the  load  of  the  tankage  must  be  carried  through  the  balloon,  requir¬ 
ing  load  fittings  and  a  load  line  through  the  balloon.  For  most  of  the  length,  a 
porous  cylinder  of  Dacron  or  Nomex  fabric  serves  as  both  load  line  and  diffuser 
sock.  To  keep  the  initial  bubble  of  gas  near  the  top  of  the  balloon  and  minimize 
fluttering  of  the  balloon  material,  a  nonporous  liner  of  Mylar  or  Kapton  film  covers 
the  lower  portion  of  the  sock. 

To  distribute  the  weight  of  the  gondola  on  the  inflated  balloon,  a  load  skirt  of 
Dacron  or  Nomex  fabric  is  attached  near  the  base  of  the  balloon.  A  pressure  con¬ 
trol  valve  within  the  gondola  maintains  the  desired  superpressure  and  prevents 
overfilling  of  the  balloon.  An  inflation  diffuser  using  multiple  screens,  or  perhaps 
a  simple  orifice,  is  used  to  limit  the  velocity  of  the  high-pressure  inflation  gas. 
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FLYBY -  TYPE  II 


ORBITAL -TYPE  II  MERCURY -VENUS  FLYBY -TYPE  I 


Figure  6.  3.  Three  Types  of  Venus  Missions 


Figure  6.  4.  Subassemblies  in  Aeroshell 


An  ordnance  valve  is  used  to  close  the  line  and  separate  the  inflation  module  when 
inflation  is  complete.  The  inflation  module  below  this  valve  is  dropped  on  comple¬ 
tion  of  inflation.  Contained  in  this  module  are  the  valves  and  controls  which  initiate 
inflation  at  the  set  pressure  level,  the  high-pressure  hydrogen  tanks,  and  addition¬ 
al  valves  and  separation  devices  which  permit  sterile  insertion  of  hydrogen  after 
the  entry  capsule  in  its  bioshield  has  been  sterilized.  A  single  tank  would,  of 
course,  be  most  efficient  from  a  weight/volume  standpoint,  but  four  tanks  have 
been  used  to  permit  better  placement  within  the  aeroshell.  Other  lift  gases  besides 
hydrogen  are  feasible  in  the  dense  Venusian  atmosphere,  and  other  means  of  stor¬ 
age  are  also  feasible.  However,  high-pressure  hydrogen  appears  optimum  for  the 
200-pound  class  of  buoyant  station  because  of  hydrogen's  lift  efficiency,  because  it 
does  not  require  heating  or  cooling  beyond  that  supplied  by  the  ambient  atmosphere, 
and  because  it  makes  very  rapid  inflation  possible.  For  much  larger  systems, 
cryogenic  hydrogen,  chemically  generated  hydrogen,  and  catalytically  decomposed 
hydrazine  become  competitive  for  initial  inflation  or  for  makeup  gases. 


6.4  MATERIALS 

A  wide  variety  of  materials  have  been  considered  and  a  number  of  them 
tested.  The  principal  new  requirement  for  the  Venus  balloon  beyond  present-day 
balloon  requirements  is  the  necessity  for  sterilization.  As  might  be  expected, 
this  requirement  eliminates  many  common  balloon  materials.  In  fact,  the  only 
suitable  materials  presently  used  in  balloons  are  Mylar  film  and  Dacron  fabric. 
Among  other  materials,  Kapton  film  and  Nomex  fabric  appear  as  strong  candidates, 
with  strength  properties  similar  to  Mylar  and  Dacron,  but  wider  temperature 
limits.  An  advanced  material  called  PBI  (polybenzimidazole)  appears  as  a  future 
possibility.  It  can  be  manufactured  in  both  film  and  fiber  form,  and  has  very  wide 
temperature  limits.  These  wide  temperature  limits  are  not  needed  for  the  mis¬ 
sions  described  herein,  but  would  be  useful  for  other  missions  which  involve  verti¬ 
cal  cycling  in  the  atmosphere,  and  which  might  be  attractive  follow-on  missions. 

So  far,  adequate  samples  in  the  proper  form  for  testing  have  not  been  available. 
Possible  problems  are  in  lamination  and  in  the  stiffness  of  the  material  which  may 
pose  packing  and  deployment  problems. 

Our  tests  confirm  the  experience  of  NCAR  and  others  that  presently  available 
materials  have  sufficiently  low  permeability  for  long  duration  only  when  used  in 
laminates.  None  of  the  single-layer  materials  tested  have  low  enough  leak  rates 
after  sterilisation,  simulated  handling  abuse,  packing,  and  deployment.  On  the 
other  hand,  several  laminated  materials  of  Mylar  and  Kapton  survived  all  of  these 
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tests  successfully.  In  addition,  both  materials  are  extremely  resistant  to  hydro¬ 
chloric  and  hydrofluoric  acids  which  have  been  reported  in  minute  amounts  in  the 
Venus  atmosphere. 


6.5  PAYLOAD 

Figure  6.  7  illustrates  the  configuration  of  the  gondola  and  the  location  of  some 
of  the  experiments.  Not  shown  are  a  pressure  sensor,  a  gas  chromatograph/  mass 
spectrometer  experiment,  and  a  biological  experiment.  The  TV  dropeonde  shown 
in  dashed  lines  is  not  part  of  the  base-line  instrumentation,  but  is  one  of  a  number 
of  experiments  which  could  be  added  if  additional  weight  is  made  available  by  elect¬ 
ing  direct  entry  of  the  aeroshell  rather  than  out-of-orbit  entry. 

Figure  6.  8  shows  the  initial  subsonic  probe  which  is  dropped  upon  separation 
of  the  aeroshell,  and  one  of  the  dropsondes  which  can  be  dropped  by  programming 
or  on  command. 

The  balloon  system  plus  the  dropsondes  provide  a  very  flexible  base  for  ex¬ 
periments,  and  the  long  stay  time  in  the  atmosphere  makes  possible  very  detailed 
measurements  and  permits  biological  experiments  to  be  performed.  It  also  per¬ 
mits  reprogramming  and  allows  time  for  gathering  relatively  large  samples  of 
cloud  particles  for  analysis.  The  natural  wind  drift  of  the  balloon  makes  measure¬ 
ments  over  different  parts  of  the  planet  possible  and  provides  information  on  at¬ 
mospheric  circulation.  Large  separation  for  experiments  which  require  isolation 
can  be  achieved  by  dropping  them  on  a  cable,  and  instruments  requiring  an  upward 
view  can  be  mounted  atop  the  balloon  with  connecting  wires  to  the  gondola  supported 
by  the  load  line. 

6.6  TESTING 

Considerable  experience  exists  in  the  deployment  of  balloons  from  airplanes 
in  Earth's  atmosphere;  in  fact,  this  is  a  routine  operation.  However,  both  the 
balloon  construction  and  the  deployment  technique  outlined  above  differ  from  those 
used  in  Earth  atmosphere  deployments,  and  it  is  desirable  to  perform  suitable 
tests  to  verify  their  performance.  Both  static  and  dynamic  inflation  tests  have 
been  performed  using  a  balloon  constructed  like  that  in  Figure  8. 8.  The  static 
teats  were  conducted  outdoors  and  ussd  hydrogen  from  a  4000-pai  source.  Since 
the  use  of  hydrogen  in  the  Langley  full-scale  tunnel  was  considered  hazardous, 
readily  available  nitrogen  was  substituted.  Since  the  volume  flow  of  Venue  deploy¬ 
ment  was  simulated  with  the  heavier  nitrogen,  the  teat  was  more  severe.  The 
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Figure  6. 10,  Test  Balloon  with  Gondola  Mockup 


test  setup  in  the  full-scale  tunnel  is  shown  in  Figure  6.  9.  The  airflow  was  regu¬ 
lated  to  simulate  the  Reynolds  numbers  of  Venus  deployment  In  a  mainly  COj 
atmosphere.  Mockups  of  the  gondola  and  inflation  module  were  included  to  simu¬ 
late  their  effects  on  the  flow.  The  parachute  load  was  simulated  by  a  line  attached 
to  a  pulley  and  a  bungee  cord.  In  addition  to  full  simulation  of  the  Venus  inflation 
sequence,  tests  were  made  with  prolonged  flow  at  several  partially  inflated  condi¬ 
tions  to  observe  the  degree  of  flutter  or  flagging  present.  The  degree  was  quite 
moderate  at  all  levels  of  inflation.  Evidently,  the  presence  of  the  parachute  line 
reduces  the  tendency  to  whip  or  flag,  and  the  diffuser  sock  eliminates  flutter  near 
the  base  of  the  balloon  due  to  the  incoming  inflation  gas.  No  damage  to  the  balloon 
was  observed  during  simulated  Venus  conditions;  and  when  a  much  more  severe 
condition  was  accidentally  applied,  the  damage  was  limited  to  the  load  skirt  while 
the  film  envelope  remained  intact. 

In  Figure  6. 10,  the  balloon  which  was  tested  in  the  full-scale  tunnel  is  shown 
fully  inflated  with  a  mockup  of  the  gondola  attached. 


6.7  COMCLI'IMM;  remarks 

A  scientific  mission  to  Venus  utilizing  a  balloon  to  support  the  payload  has 
been  studied  in  considerable  depth  by  the  NASA  Langley  Research  Center  and  its 
contractors.  All  aspects  of  the  complete  mission  have  been  found  to  be  feasible, 
and  the  mission  offers  several  desirable  features  for  experiments.  The  long  stay 
time  of  a  balloon  in  the  atmosphere  permits  detailed  analysis,  biological  experi¬ 
ments,  and  experiment  reprogramming.  The  natural  wind  drift  permits  measure¬ 
ments  nt  different  parts  of  the  planet  and  provides  information  on  atmospheric 
circulation. 

Such  a  mission  is  not  part  of  the  current  NASA  plans,  but  it  is  under  considers 
tion  for  future  programs,  perhaps  during  the  1960's. 
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Abstract 


Recent  balloon  flights  at  Holloman  AFB,  New  Mexico  illustrate  the  general 
type  of  optical  measurements  and  instrumentation  used  for  investigation  of  the 
radiations!  chai  acteristics  of  the  earth  and  its. atmosphere.  The  particular  flights 
had  an  international  tone  since  they  involved  the  pointing  of  two  infrared  radio- 
maters  developed  by  the  Meteorological  Institute  of  the  University  of  Munich, 
Germany  and  two  other  radiometers  from  AFCRL  -  using  a  two -axis  Sun  pointer 
designed  by  Ball  Brothers  Research  Corp.  of  Boulder,  Colorado.  Also,  refer¬ 
enced  to  one  axis  of  the  pointer  was  a  set  of  spectropolarimeters  from  the  Dept. 
of  Meteorology,  UCLA,  Data  were  transmitted  to  the  White  Sands  receiving 
stations,  using  an  airborne  telemetry  set  prepared  by  Northeastern  University, 
The  entire  assemblage  vas  contained  in  an  AFCRL  gondola. 

Typical  samples  of  telemetered  data,  both  optical  and  "housekeeping"  types, 
are  presented  and  these  levels  are  interpreted  in  terms  of  the  primary  sensors 
which  produced  the  transduced  signals.  System  operation  is  illustrated  by  this 
means . 

Dynamic  measurements  of  the  balloon  gondola  were  made  and,  in  con¬ 
junction  with  temperature  sensors,  illustrate  some  of  the  advantages  of  scientific 
ballooning. 
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A  particular  mission  within  the  USAF  R&D  community  involves  theoretical  and 
experimental  studies  of  the  nature  of  optical  radiation  in  the  earth's  atmosphere. 
There  are  two  optical  processes  which  categorize  the  effects  of  the  atmospheric 
medium.  These  are  designated  as  scattering  and  absorption.  Scattering  refers 
to  the  spatial  redistribution  of  radiation  by  the  molecules  and  particulate  matter  of 
the  atmosphere.  Absorption  is  the  direct  conversion  of  optical  energy  into  other 
forms  -  primarily,  heat  energy. 

In  order  to  describe  the  earth's  atmosphere  as  a  radiational  medium,  several 
specific  optical  characteristics  must  be  set  forth.  The  absorbing,  scattering  and 
polarizing  features  of  the  radiation  would  be  necessary.  These  would  have  to  be 
specified  for  a  range  of  wavelengths  because  these  optical  properties  are  spectrally 
sensitive.  A  general  comment  would  represent  that  the  scattering  of  optical  radia¬ 
tion  is  proportional  directly  to  the  number  density  of  the  molecules  of  the  atmos¬ 
phere  and  inversely  to  the  fourth  power  of  the  wavelength.  This  observation  is 
markedly  modified  by  the  presence  of  aerosols,  or  particulate  matter,  in  the 
atmosphere  particularly  within  the  first  5  km  above  the  surface  of  the  earth.  Addi¬ 
tionally,  there  are  the  more  complex  atmospheric  molecules,  such  as  ozone,  water 
vapor,  sulfur  dioxide,  methane  and  many  other  trace  gases .  These  are  highly 
variable  in  concentration  and  in  distribution,  and  are  strong  optical  absorbers  for 
specific  wavelengths. 

The  experimental  package  to  be  described  is  configured  to  measure  the  spectral 
intensity  and  polarization  of  optical  radiation  emerging  through  the  atmosphere,  and 
also  to  determine  specific  scattering  and  absorbing  properties  of  the  atmosphere. 
Since  these  radiational  values  are  vitally  dependent  upon  solar  lighting,  the  measur¬ 
ing  devices,  to  have  a  valid  use,  must  have  a  known  and  fixed  orientation  with 
respect  to  the  sun. 

7.2  GENERAL  SYSTEM 

This  experiment  has  six  distinguishable  elements  which  are  incorporated  neces¬ 
sarily  to  achieve  the  program's  technical  objectives.  There  is,  first  of  all,  the 
flight  system  consisting  of  the  balloon,  flight  control  devices,  and  the  gondola  for 
protection  and  support  of  the  scientific  equipment.  Continuous  orientation  of  the 
instrumentation,  in  spite  of  the  swinging  and  rotating  motions  of  the  gondola,  is 
obtained  with  a  biaxial  sun  pointer.  There  are  three  types  of  scientific  instruments. 
Infrared  radiometers  are  oriented  directly  to  the  sun  for  measurement  of  solar 
absorption  by  atmospheric  water  vapor  and  methane.  Filter  wheel  radiometers  are 


set  at  specific  angles  from  the  sun  to  measure  forward  scattering.  There  is  a 
set  of  two  spectropolarimeters,  each  directed  to  the  underlying  atmosphere.  One 
is  arranged  so  that  it  scans  in  the  vertical  plane  containing  the  sun  and  the  nadir; 
the  other,  normal  to  this  plane.  Finally,  some  of  the  information  is  recorded 
directly  into  an  on-board  magnetic  tape  recorder.  All  signals  are  transmitted 
by  a  telemetry  link  to  a  ground  station  where  the  data  are  recorded  on  magnetic 
tape  and  also  processed  for  quick-look  information  by  the  scientists  at  the  re¬ 
ceiving  site. 

Figure  7. 1  outlines  the  system  which  has  been  launched  from  Holloman  AFC, 
New  Mexico  on  several  occasions.  Successful  parachute  recoveries  have  been 
made  in  the  open  areas  of  Texas  and  New  Mexico  about  seven  hours  after  launch. 


7.3  THE  FLIGHT  SYSTEM 

Figure  7.2  is  an  on-site  photograph  of  the  flight  system  just  prior  to  launch. 
The  horizontal  bar  supports  the  primary  and  backup  flight-control  and  command 
system,  a  standard  radiosonde  and  a  Load  Let-Down  Reel  (Doherty  et  al,  1967). 
The  latter  is  activated  shortly  after  launch  and  deploys  the  instrumented  gondola 
to  a  maximum  distance  of  500  feet.  For  the  illustrated  flight,  a  separation  of 
200  feet  assured  that  no  balloon  surface  was  within  the  field  of  view  of  any  optical 
sensors.  Its  use  also  reduces  the  possibility,  at  the  time  of  landing,  that  the 
load  bar  will  impact  on  the  gondola. 

The  gondola,  of  1/4  to  1/2  inch  aluminum  plate,  supports  on  its  top  surface 
the  sun  pointer  and  measuring  instruments.  Its  middle  sections  contain  the  tape 
recorder,  telemetry  unit  and  two  single  axis  gyros.  The  bottom  sections  hold 
the  primary  batteries  and  the  ballast  box  which  contains  100  lbs  of  fine  steel  shot. 
The  unused  amount  is  released  prior  to  landing.  A  set  of  two  AFCRL  impact 
switches  is  mounted  at  the  extreme  position. 

The  gondola  also  has  to  serve  as  an  inertial  device  because  the  sun  pointer 
assembly  must  work  against  the  gondola  to  maintain  stable  pointing  about  the 
vertical  axis.  This  would  recommend  that  the  gondola  be  as  wide  as  practicable. 
The  spectropolarimeters  mounted  to  the  pointer  must  have  a  clear  downward  line 
of  sight  and  so  have  to  be  extended  outboard  of  the  gondola.  This  necessarily 
increases  the  moment  of  inertia  of  the  pointer  assembly.  The  compromise  solu¬ 
tion  has  been  to  limit  the  diameter  of  the  gondola  to  32  inches.  At  termination 
of  scientific  measurements,  landing  legs  are  sprung  outward.  The  legs  are  re¬ 
strained  by  common  gate  springs.  The  six  legs,  symmetrically  arranged  about 
the  gondola  proper,  have,  at  the  outside  end,  food  strainers  containing  open  cell 
polyeurathane  foam;  and  the  other  end,  styrofoam  dashpots. 


Figure  7. 1.  The  Balloon-borne  Flight  System  and  Principal  Statistics 
of  a  Flight 


Figure  7. 2  Pre-launch  Configuration  of  the  Atmospheric  Optics 
Experiment 
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7.4  THE  SOLAR  BIAXIAL  POINTER 

Figure  7. 3  illustrates  the  prominent  features  of  the  sun  orientation  unit  and 
also  displays  the  relative  position  of  the  three  groups  of  scientific  instruments. 

This  pointer  has  been  designed  and  fabricated  by  Ball  Brothers  Research  Corp. 
(Greeb,  1965)  with  a  design  goal  to  point  an  80  lb  instrument  within  ±  2  minutes  of 
arc  of  the  center  of  the  sun.  The  system  has  two  mutually  perpendicular  axes  of 
rotation.  The  entire  pointer  rotates  azimuthly  about  a  vertical  axis.  Only  the 
scientific  instrument  attached  to  the  shaft  which  rotates  about  the  lateral  (elevation) 
axis  will  be  positioned  biaxially.  Three  separate  sensor  blocks  containing  photo¬ 
sensitive  detectors  produce  an  electrical  current  proportional  to  the  angular  devia¬ 
tion  about  each  axis.  The  output  of  these  sensors  is  used  in  a  feedback  control 
system  (an  independent  system  in  both  axes )  to  orient  the  instrumentation  toward 
the  sun. 

Although  there  are  others  for  monitor  and  override  functions,  the  principal 
sensors  are  those  used  for  pointing.  The  azimuth  coarse  -error  sensor  is  mounted 
at  the  top  of  the  pointer  case.  Four  detectors,  in  combination,  make  up  a  sensor 


Figure  7.3.  Major  Features  of  the  Biaxial  Solar  Pointer  and  Arrangement 
of  the  Experiment 


with  a  360°  Field  of  view  (FOV)  azimuthly.  This  sensor  operates  to  position  the 
pointer  about  the  aximuth  axis  until  the  elevation  axis  is  perpendicular  to  the  solar 
vector  within  3°.  With  the  pointer  in  this  position,  the  set  of  two  detectors  which 
make  up  the  elevation  coarse  sensor  is  illuminated.  This  sensor  is  mounted  di¬ 
rectly  in  the  elevation  shaft  but  opposite  to  the  instrument  mounting  flange.  It  is 
deliberately  recessed  into  the  electronics  compartment  to  reduce  the  effects  of 
reflected  light  from  the  earth  and  balloon.  Adjustable  shields  mechanically  limit 
the  FOV  to  an  approximately  rectangular  40°  x  95°.  The  elevation  coarse  sensor 
provides  error  signals  to  rotate  the  instrument  about  the  elevation  axis .  The 
resultant  coarse  alignment  of  the  instrument  optical  axis  and  the  solar  vector  is 
within  3°.  This  action  also  brings  the  sun  within  the  FOV  of  the  fine  sensors  and 
the  target  sensor.  The  fine  sensor  in  each  axis  is  composed  of  two  photosensitive 
detectors  assembled  in  a  block,  which  is  hardmounted  to  the  scientific  instrument 
and  in  precise  alignment  with  it.  The  target  sensor  provides  a  signal  which  ac¬ 
tivates  the  override  mechanism  to  transfer  the  pointing  function  to  the  fine  sensors. 

Figure  7.4  illustrates,  in  block  format,  the  signals  recorded  at  various  loca¬ 
tions  in  the  servo  system.  The  azimuth  and  elevation  channels  are  essentially 
identical,  with  only  minor  component  value  difference  in  the  servo  feedback  net¬ 
works  .  The  particular  signals,  converted  to  angular  notation,  had  been  recorded 
while  the  balloon  system  was  at  71, 000  ft.  In  general,  they  are  typical  for  the 
entire  flight. 

Position  potentiometers  are  installed  in  both  the  elevation  and  azimuth  systems 
to  provide  direct  measurement  of  gimbal  angles.  Their  outputs  show,  over  a  time 
interval  of  five  minutes,  that  the  pointed  instrument  was  oriented  to  an  elevation  of 
30°  above  the  horizontal  and  that  the  gondola  rotation  with  respect  to  the  pointer 
was  approximately  1  rev  per  minute.  The  monitor  at  the  power  switch  illustrates 
a  signal  proportional  to  the  current  being  delivered  to  the  torquer  motor  of  either 
axis.  Knowing  the  torque  sensitivity,  the  ordinate  is  converted  to  the  torques  being 
applied  during  this  five  minute  interval  to  maintain  biaxial  track.  Considering  that 
these  are  1.2  lb  ft  torquer  motors,  this  torqueing  is  quite  small.  The  "house¬ 
keeping"  signals  at  the  input  to  the  Pulse  Width  Modulator  are  proportional  to  the 
error  voltage  from  the  preamplifiers  of  error  sensors.  Examined  in  terms  of 
angular  error,  the  display  shows  very  small  servo  error  signals  being  generated 
and,  for  the  five  minute  interval  error,  correction  rates  are  very  reasonable. 

Figure  7. 5  displays  the  functional  arrangement  of  the  monitor  system.  It 
operates  Independently  of  the  servo  system  in  that  servo  sensors  do  not  furnish 
signal  current  to  monitor  circuits.  Two  of  the  monitor  circuits  do  control  the 
operating  mode  of  the  servo  electronics. 

The  target  detector,  mounted  and  aligned  on  the  fine  sensor  block,  has  been 
referenced  earlier.  Once  the  sun  has  come  within  +  3°  during  the  acquisition  mode 
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and  it  remains  within  this  field  of  view  of  the  target  sensor  for  a  period  greater 
than  2  seconds,  the  discriminator  is  triggered.  It  provides  a  signal  which  inhibits 
the  coarse  sensor  preamp  output  in  the  servo  system,  leaving  the  fine  detector 
preamps  to  control  the  servo  system  for  fine  pointing. 

The  other  control  is  a  more  precautionary  type  and  is  referred  to  as  the  turn¬ 
on  sensor  set.  The  four  detectors  are  arranged  in  the  same  polarity  and  are 
physically  located,  in  symmetrical  fashion,  on  the  aximuthal  coarse  sensor  block. 
Specially  designed  and  moveable  baffles  are  located  above  and  below  these  detec¬ 
tors.  This  limits  the  vertical  field  of  view  of  the  sensor  block  so  that  no  spurious 
radiating  sources  (for  example,  from  balloon  surface  reflections)  will  be  inter¬ 
cepted.  If  the  sun  position  should  be  outside  this  angular  coverage,  the  signal 
level  from  the  turn-on  sensor  will  go  below  a  preset  value.  Then  the  discriminator 
is  activated  generating  &  signal  into  the  Pulse  Width  Modulator  of  the  servo  system, 
disabling  it  so  that  no  pulse  train  is  fed  into  the  Power  Switch.  Again,  at  this  time, 
and  throughout  the  flight,  the  telemetered  signal  shows  no  gating  action  to  have  oc¬ 
curred,  except  for  the  first  twenty-five  minutes  after  launch  when  the  sun  was 
below  local  horison. 

Both  the  azimuth  and  elevation  monitoring  sensors  are  mounted  on  the  fine 
eeneor  Mock.  These  two  sets  of  seneors  give  a  direct  measure  of  the  angular 
pointing  error  for  their  respective  axes.  Each  sensor  has  a  10°  conical  FOV  but, 
in  actuality,  the  telemetered  signal  will  be  In  saturation  if  tbs  instrument  points 
at  an  angle  in  excess  of  S  minutes  of  arc  as  measured  from  the  center  of  the  solar 
disc.  Both  five  minute  portions  of  the  flight  records  are  typical,  in  general,  for 
the  actual  performance  of  the  system.  If  an  angular  error  had  ever  exceeded  the 
±5  minutes  of  arc  for  either  axis,  then  the  pertinent  dtscrimimtor  would  have 
been  activated,  generating  a  5-volt  signal  monitored  at  the  point  marked  "A". 

The  instrument  control  gate  is  dot  used  for  these  flights.  It  would  provide  a 
disabling  signal  to  the  scientific  instrument  if  any  one  of  the  four  monitor / override 
networks  should  generate  its  own  dliaMIng  signal. 

Detailed  examination  of  the  monitoring  records  of  tbsss  flights  represents 
that  ths  pointing  inaccuracy  nsver  has  btsn  grestsr  thsn  ±  4  mlnutss  of  arc  with 
respect  to  the  center  of  the  sun,  even  with  the  most  a  evert  dynamic  loading  during 
ascent.  Generally,  pointing  has  been  well  within  ±S  mlnutss  of  arc.  Centinuoue 
corrections,  except  at  float,  superimpose  a  very  low  magnitude  of  oscillation  cn 
the  pointing  monitor  signals. 
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7.S  THE  SPECTROPOURMETER 

The  Meteorology  Dept,  of  the  University  of  California  at  Los  Angeles  has 
developed  this  instrument  for  the  measurement  of  skylight  and  earthlight  in¬ 
tensity,  and  polarization  at  selected  wavelengths  in  ultraviolet  and  visible  spec¬ 
trum  (Chesebrough,  1967).  Theoretical  considerations  of  a  pure  molecular  flat 
atmosphere  as  viewed  from  a  platform  above  the  sensible  atmosphere,  would 
produce  the  results  shown  in  Figure  7. 6a.  The  graph  illustrates  the  percent  of 
linear  polarization,  at  a  wavelength  of  0.  36m,  with  the  earth  being  characterized 
as  non-reflective  at  this  wavelength.  The  prominent  features  are  a  maximum 
polarization  of  75  percent  occurring  approximately  90°  from  the  anti-solar  point, 
and  a  reversal  in  polarization  in  the  general  region  of  the  anti-solar  point.  This 
illustration  is  for  that  particular  plane  of  observation  containing  the  sun  and  the 
nadir.  The  factual  atmosphere  is  neither  purely  molecular  nor  flat,  so  that  field 
observations  can  diverge  radically  from  this  simple  representation. 

The  principal  functional  components  for  the  s pec tro polar imeter  to  accomplish 
these  measurements  are  shown  in  Figure  7. 6b.  Collimated  light  of  unknown 
intensity  and  polarisation  is  passed  through  a  rotating  Gian  prism,  serving  as  an 


analyzer;  through  one  of  several  automatically  programmed  interference  filters; 
and  onto  an  ASCOP  Model  541 A  photomultiplier.  The  sinusoidal  photosignal  is 
fed  into  the  Analog  Devices  Model  210  amplifier  and  thence  through  an  LC 
smoothing  filter.  A  portion  of  this  signal  is  fed  into  a  Burr  Brown  operational 
amplifier.  The  output  of  this  amplifier  is  bucked  against  a  fixed  voltage  and  the 
residual  acts  as  the  controlling  voltage  for  the  Arnold  Model  SHU-2500PE  power 
supply.  This  programmable  power  supply,  the  photomultiplier,  the  amplifiers 
and  the  LC  network  form  a  closed-loop  servo  system.  Variations  of  three  to 
four  orders  of  magnitude  in  the  intensity  can  be  handled  by  this  technique. 

Each  spectropolarimeter  weighs  approximately  14  lbs.  Each  is  mounted 
only  to  the  azimuthal  axis  of  the  stabilised  platform;  one  being  set  for  the  plane 
containing  the  sun,  and  the  other  normal  to  this  plane.  The  spectropolarimeter 
is  programmed  to  complete  the  180°  scan  from  horizon  through  nadir  to  the 
opposite  horizon  in  seven  minutes,  in  3°  intervals,  with  a  complete  spectral 
sample  being  taken  at  each  step.  The  illustration  of  Figure  7. 6c  would  be 
typical  of  the  flight  data  and  the  easy  calculation  for  the  percent  of  polarisation 
is  shown.  Specimen  results  are  shown  in  Figure  7.6a,  with  the  same  geometry 
of  lighting,  measured  from  the  balloon  platform  at  92, 000  feet.  A  more  complete 
analysis  of  this  type  of  data  has  been  published  (Rao,  1969).  For  the  particular 
illustration,  the  difference  between  the  theoretical  curve  and  the  experimental 
points  is  due  to  the  presumption  of  a  nonreflecting  earth.  A  more  proper  choice 
of  this  parameter  would  show  a  marked  coincidence  of  values. 


7.6  THE  INFRARED  RAMOHETEItS 

The  Meteorological  Institute  of  the  University  of  Munich.  Germany,  baa 
developed  a  general  type  of  radiometer  for  tbs  measurement  of  several  of  the 
absorbing  gases  present  in  the  earth' s  atmosphere.  The  particular  units  which 
are  flown  in  this  payload  are  prototypal  instruments  for  the  measurement  of  ab¬ 
sorption  by  water  vapor  and  trace  gases.  The  problem  associated  with  such 
measurements  is  that  for  the  small  concentrations  of  these  gases  in  the  upper 
atmosphere,  the  intensity  of  solar  radiation  as  measured  firough  an  absorption 
band  will  be  little  different  from  the  intensity  through  an  adjacent  atmospheric 
window.  Figure  7. 7a  suggests  the  method  of  the  difference  radiometer  in  which 
only  the  difference  signal  in  the  radiation  inside  and  outside  the  absorption  band 
is  obtained,  and  this  is  measure  bit  to  approximately  the  same  accuracy  aa  the 
referenced  Intensity.  Both  channels,  difference  and  reference,  use  identical  but 
separate  signal  handling  electronics,  as  shown  in  Figure  7.7b.  For  weter  vapor 
absorption,  the  actual  measurements  wars  mads  at  wavelengths  of  1.67s,  the 
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Figure  7. 7.  The  Infrared  Radiometer  Experiment 


Figure  7. 8.  The  Near-*un  Radiometer  Experiment 
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absorption  band,  and  at  1.88m,  an  atmospheric  window.  The  markedly  lower 
atmospheric  concentration  of  methane  requires  a  modification  to  this  method. 

Here  a  sealed  absorption  cell  containing  a  known  concentration  of  methane  gas  is 
located  in  the  reference  beam,  and  the  atmospheric  absorption  is  compared  with 
the  referenced  absorption.  The  instruments  weighed  20  lbs  and  were  mounted 
directly  to  the  elevation  arm  for  biaxial  pointing  to  the  sun. 

Figure  7. 7c  represents  signal  levels  transmitted  to  the  ground  station. 

This  particular  record,  for  a  time  interval  of  one-half  minute,  was  obtained  during 
the  early  portion  of  a  flight  and  is  not  especially  typical  of  the  entire  flight.  Above 
7C,  000  feet,  and  with  the  higher  sun  elevation,  the  difference  signal  is  near  the 
zerc  volt  level,  indicative  of  the  very  low  concentrations  for  this  geometry. 

7.7  THE  NEAR  SUN  (AEROSOL)  RADIOMETERS 

The  optical  presence  of  particulate  matter  in  the  upper  atmosphere  usually 
would  be  veiled  by  the  light  scattering  from  the  normal  and  smaller  gaseous 
molecules.  However,  the  aerosol  scattering  of  light  is  characterized  by  a  pre¬ 
ferred  redirection  of  the  radiation  into  the  forward  angles.  So  the  most  sensitive 
viewing  angles  for  detection  are  close  to  the  sun.  This  natural  advantage  has  the 
drawback  that  the  optical  sensors  must  be  designed  and  aligned  with  exacting 
care,  so  that  no  direction  sunlight  or  flaring  can  introduce  spurious  radiation. 
Another  important  characteristic  of  optical  scattering  by  aerosols  is  that  the 
spectral  distribution  is  markedly  different  from  the  orderly  A-4  property  of 
atmospheric  molecules.  These  two  factors,  forward  scattering  and  spectral 
selection,  are  used  in  s  set  of  instrumentation.  Figure  7. 8a  illustrates  the 
general  characteristics  of  the  light  distribution  near  the  sun  (offset  angle  of  5°) 
for  two  different  altitudes.  The  effects  of  molecular  scattering  have  been  re¬ 
moved,  so  that  the  Illustrated  residual  is  the  aerosol  scattering.  Figure  7. 8b 
outlines  the  radiometers'  arrangement  with  optical  axes  offset  from  the  sun  pointing 
axis  by  2. 5°  and  S°.  Figure  7. 8c  sketches  the  signals  acquirable  during  the  20- 
second  sampling  period.  The  voltage  levels  are  not  idealized,  for  the  geneva  driv¬ 
ing  mechanism  for  the  filter  wheel  does  produce  a  dwell  time  at  each  filter,  with 
a  very  quick  transfer  to  the  following  epeotral  discriminator.  Results  of  this  ex¬ 
periment  are  to  be  published  separately. 
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7.8  TELEMETRY 

The  telemetering  system  should  be  familiar  to  the  users  of  rocket  vehicles 
since  it  is  composed  of  their  standard  units  which  have  been  integrated  by  the 
electronics  engineering  group  of  Northeastern  University.  Fifteen  IRIG  channels 
are  used.  The  primary  transmitter  operates  in  the  P  band,  at  237,8  MHz,  with  a 
nominal  power  of  4  watts.  The  impending  national  range  change  to  S-band  trans¬ 
missions  recommended  that  such  a  transmitter  be  tried  also.  In  the  most  recent 
flight,  a  Conic  Model  CTM  UHF  402  transmitter  was  used,  in  parallel  with  the  P 
band  unit  and  operated  at  2251. 5  MHz.  The  one -quarter  wave  stub  antennae  with 
ground  plane  dangle  beneath  the  gondola. 

Operational  performance  of  both  units,  using  the  common  set  of  subcarriers, 
was  completely  satisfactory.  The  greater  attenuation  of  the  S-band  transmission 
was  offset  by  the  higher  gain  of  the  receiving  antenna,  so  that  the  signal  strengths 
at  the  receiver  were  approximately  identical. 

Since  the  balloon  vehicle  soaks  in  the  cold  atmosphere  due  to  the  slow  vertical 
rise  rate,  the  telemetry  can  is  packed  with  sealed  water  bottles,  using  their  heat 
capacity  to  maintain  a  stable  temperature  regime.  Throughout  a  flight,  this  does 
not  deviate  more  than  20°C  from  ground  launch  temperature. 


7.9  GONDOLA  DYNAMICS 

The  biaxial  pointing  also  affords  the  opportunity  to  harvest  data  on  gondola 
motions.  Figures  7.9  and  7, 10  are  graphical  compilations  of  the  rotational 
motions  for  two  separate  flights.  Indicated  directions  are  with  respect  to  North. 
Other  than  the  obvious  wild  motions  of  winding  and  unwinding  during  tropospheric 
penetration,  there  is  a  subtle  implication  of  a  correlation  with  wind  shears . 

The  individual  points  on  the  temperature  profile  are  data  from  the  on-board 
radiosonde.  The  gradual  deviation  from  the  ambient  temperature  curve  is  most 
probably  due  to  the  increasing  effect  of  the  confined  helium  as  an  extended  radiating 
source. 

A  Minneapolis -Honeywell  cageable  vertical  gyro,  with  two  degrees  of  freedom 
(roll  and  pitch)  was  mounted  in  the  gondola  framework  for  the  most  recent  flight. 
Both  axes  are  responsive  to  a  range  of  +  19, 5°  and  are  sensitive  to  a  change  of 
0. 1°.  Figure  7. 11  presents  the  pendulous  actions  of  this  flight  as  a  function  of 
time  and  altitude.  The  curves  describe  the  angular  magnitudes  of  the  oscillations 
in  both  planeB.  Following  the  initial  period  of  launch  shock,  the  pendulous  action 
generally  is  of  the  form  of  a  simple  sinusoidal  motion  with  peak-to-peak  values  as 


TIME  AFTER  LAUNCH  (min) 

Figure  7,11.  Pendulous  Motions  of  Gondola  -  Flight  No.  4 

shown  and  with  the  period  of  oscillation  of  approximately  18  seconds.  This  value 
corresponds  well  with  that  of  a  simple  pendulum  of  length  260  feet,  which  is  also 
the  approximate  distance  from  the  base  of  the  balloon  to  the  gondola. 

7.10  CONCLUSIONS 

Because  of  the  diversity  of  the  experiments  which  have  been  flown  in  these 
balloon  payloads,  no  specific  comments  can  be  made  concerning  scientific  results. 
There  is  one  statement  which  can  be  echoed  again  -  that  these  efforts  illustrate 
again  the  versatility  of  high  altitude  ballooning  for  scientific  payloads.  It  is  the 
last  of  the  test  beds  where  the  experiment  can  define  the  shape,  size  and  perform¬ 
ance  required  of  the  carrier  rather  than  the  usual  but  opposite  situation. 
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Abstract 


J  A  newly  developed  radio  altimeter  enables  geometric  altitude  measurements 

of  meteorological  balloons  up  to  altitudes  of  35  km  over  water,  and  12  km  over 
land.  The  one-watt  peak  power  pulsed-radar  is  simple  and  light  enough  to  be 
carried  by  regular  sounding  balloons  with  radiosonde.  Flight  tests  conducted  on 
standard  radiosonde  flights  over  water  indicate  that  the  random  error  averaged 
over  one  second  is  less  than  0. 1  percent.  Power  consumption  is  one -watt 
average;  weight  excluding  batteries  is  ten  oz. 

An  independent,  accurate  altitude  measurement  proves  very  useful  in  a 
variety  of  balloon  experiments.  As  an  accurate  ranging  device,  it  is  expected  that 
this  altimeter  can  fill  ready  applications  in  GARP. 41  Two  flight  tests  have  already 
been  performed  on-board  GHOST  balloons.  Current  work  is  progressing  in  multi¬ 
plexing  additional  channels  of  slowly-varying  information,  such  as  derived  from 
barometric  sensors,  on  the  carrier  frequency  of  the  altimeter.  This  will  pro¬ 
vide  the  balloon  experimenter  with  a  very  accurate  and  reliable  radiosonde.  Re¬ 
sulting  experiments  are  limited  only  by  the  Imagination  of  the  experimenter. 
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8.1  INTRODUCTION 


A  direct  measurement  of  geometric  height  is  not  often  included  in  balloon 
instrumentation  requirements.  Normally  temperature,  pressure  and  humidity  are 
sufficient  to  obtain  a  vertical  profile,  particularly  when  samples  are  taken  fre¬ 
quently  and  the  altitude  is  low.  With  increasing  use  of  superpressure  balloons 
and  an  increasing  emphasis  on  accuracy  at  higher  altitudes,  however,  the  pos¬ 
sibilities  of  absolute  height  measurements  become  quite  attractive.  A  radio  alti¬ 
meter  is  described  here  which  was  developed  specifically  for  making  such  measure¬ 
ments  from  balloons. 

Various  types  of  radio  or,  more  specifically,  radar,  altimeters  have  been 
designed  and  built  for  aircraft,  rocket,  and  satellite  applications.  In  contrast, 
the  use  of  such  a  device  on  a  balloon  poses  some  very  different  and  often  very 
stringent  requirements.  The  radar  must  be  self-contained  and  accurate  with  no 
special  operator  requirements.  It  should  be  able  to  operate  over  wide  tempera¬ 
ture  ranges  (for  example,  -S5°C  to  +55°C)  without  sacrificing  accuracy.  It  should 
operate  reliably  up  to  30  km  or  more  and  yet  consume  very  meager  amounts  of 
power.  And  above  all,  it  should  be  cheap  and  not  weigh  more  than  a  few  hundred 
grams'. 

Obviously  some  compromises  must  be  made.  However,  we  have  made  an  at¬ 
tempt  to  meet  as  many  of  the  demands  as  possible  in  a  prototype  design.  To  keep 
the  design  simple,  a  pulse-type  radar  is  used  which  seeks  and  determines  its  own 
repetition  rate,  eliminating  elaborate  timing  circuits.  A  single  transistor  is  used 
as  a  superregenerative  receiver  and  transmitter.  The  basic  design  strategy  is 
to  make  this  circuit  operate  at  a  repetition  rate  determined  by  the  altitude  of  the 
balloon. 


14  PRINCIPLE  OF  OPERATION 

The  radio  altimeter  described  here  is  a  pulse-radar  system  in  which  the 
elapsed  time  period  between  transmitted  pulses  is  a  measure  of  altitude.  A  single 
rf  superregenerative  stage  serves  as  both  the  transmitter  and  {he  receiver.  This 
stage  is  an  oscillatory  circuit  held  from  oscillating  by  a  negative  quench  voltage. 
When  a  positive  quench  pulse  is  applied,  os c illations  are  allowed  to  grow.  A 
pulse  of  radio  frequency  (rf)  energy  results  whose  envelop#  area  depends  on  the 
rf  input  signal  present  when  the  quench  pulse  is  applied.  The  frequency  of  oscil¬ 
lation  is  carefully  controlled  in  these  units  by  coupling  to  strip  lines  etched  on  a 
teflon  circuit  board. 
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As  the  pulse  period  approaches  the 
delay  time  of  a  previously  transmitted 
pulse  returning  from  the  ground,  the  en¬ 
velope  of  the  superregenerative  circuit 
output  reaches  a  peak.  If  the  rf  super- 
regenerative  stage  is  gated-on  a  little  too 
early  or  a  little  too  late,  the  envelope 
area  decreases,  as  illustrated  in  Figure 
8, 1.  The  correct  operating  repetition 
period  T  is : 

T  -Zb- 
c 

where  h  is  the  altitude  and  c  is  the 
velocity  of  light. 

The  overall  operation  of  the  super- 
regenerative  rf  stage  suggests  that  an  error  signal  could  be  derived  to  drive  the 
repetition  rate  to  the  correct  value.  The  remainder  of  the  altimeter  circuitry  is 
needed  to  generate  this  error  signal,  both  in  magnitude  and  sense,  to  filter  it,  and 
to  adjust  the  repetition  rate  accordingly  to  keep  the  error  small.  A  block  diagram 
of  the  complete  radio  altimeter  is  shown  in  Figure  8.2.  The  voltage -controlled 
oscillator  (VCO)  determines  the  repetition  rate  of  the  quench  pulses.  A  sinusoidal 
voltage  at  a  preset  frequency,  fp,  is  added  to  the  derived  error  signal  to  vary  the 
repetition  rate  about  the  correct  value.  Variations  at  this  frequency  in  the  super- 
regenerative  detector  output  are  amplified  and  then  multiplied  by  the  sinusoidal 
voltage,  to  derive  a  slowly-varying  error  voltage  for  controlling  the  repetition 
rate.  An  integrator  is  used  to  average  the  error  voltage.  Typical  values  are 
200  Hz  for  fp  and  a  one-second  time  constant  in  the  integrator. 

For  short  transmitted  pulses,  the 
shape  of  the  returned  pulse  is  an  in¬ 
tegrated  version  of  the  transmitted 
pulse  in  cases  of  scattered  reflections, 
and  an  attenuated  replica  of  the  trans  - 
mitted  pulse  in  cases  of  specular  re¬ 
flection,  as  shown  in  Figure  8. 3 
(Levanon,  1970).  In  both  cases,  there 
is  a  relatively  well-defined  break  point 
in  the  returned  pulse  at  the  point  cor¬ 
responding  to  Ihe  trailing  edge  of  the 


Figure  8.2.  Block  Diagram  of  the 
Radio  Altimeter. 
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Figure  8. 1.  The  Output  of  the  Super- 
regenerative  Detector  Peaks  When  the 
Quench  Pulse  Period  Equals  the  Delay 
of  the  Return 
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Figure  8.3.  Simplified  Return  Pulse 
Envelopes 

acquire  lock  within  a  reasonable  amount 
loon  flights,  a  bandwidth  of  1  Hs  appears 
superpressure  balloons  the  bandwidth  car 


transmitted  pulse.  Taking  advantage  of 
this  fact,  the  altimeter  is  made  to  scan 
from  longer  to  shorter  repetition  per* 
iods  and  locks  on  the  trailing  edge. 

The  closed-loop  response  shows  a 
close  resemblance  to  the  familiar  phase- 
lock  loop  (Gardner,  1966).  The  main 
parameter  of  such  a  loop  is  its  band¬ 
width  which  is,  approximately,  the 
reciprocal  of  the  signal  averaging  time. 
Lowering  the  loop  bandwidth  reduces 
the  effects  of  noise  and  fluctuations  in 
the  returned  pulses.  On  the  other  hand, 
the  altimeter  is  required  to  follow  alti¬ 
tude  changes  and  must  also  be  able  to 
of  time.  For  ascending  radiosonde  bal- 
to  be  a  reasonable  compromise,  while  for 
t  be  less. 


8.3  RANGE  AMBIGUITIES 

The  idea  of  transmitting  a  pulse  as  soon  as  a  previous  one  is  received  is  cer¬ 
tainly  an  efficient  means  of  operation  for  a  radar  altimeter  and  has  been  suggested 
for  aircraft  use  (Jacob,  1967),  A  drawback  of  the  method,  however,  is  the 
presence  of  range  ambiguities  which  can  result.  Under  certain  conditions  this  is 
not  too  serious  for  balloon  flights  as  long  as  some  other  means  for  coarse  altitude 
readings  is  available. 

The  range  ambiguity  problem  arises  because  there  is  no  reason  why  the  alti¬ 
meter  cannot  transmit  a  second  pulse  before  the  previous  one  is  received.  This 
subharmonic  mode  of  operation  (see  Figure  8.4)  can  occur  at  any  altitude  above 
twice  the  minimum  altitude  of  opera¬ 
tion  if  locking  is  lost.  In  other  words, 
the  range  ambiguity  is  equal  to  the 
minimum  altitude  of  operation. 

The  exact  relation  between  the 
geometric  altitude,  h,  and  the  pulse 
repetition  period,  T,  is: 

h  •  *  (nT  -  r )  Figure  8.4.  Subharmonic  Altimeter 

z  Operation 


where  n  is  the  subharmonic  mode  num¬ 
ber  and  r  is  the  (fixed)  delay  between 
the  beginning  d  the  quench  pulse  and  the 
end  of  the  transmitted  pulse.  The  para¬ 
meter  can  be  measured  and  controlled 
accurately  in  the  altimeter  design.  The 
VCO  range  can  be  preset  arbitrarily  for 
the  minimum  and  maximum  allowable 
repetition  rate.  Assuming  a  two-to-one 
VCO  range  and  a  minimum  altitude  of 
2  km,  the  pattern  of  switching  modes  as 
the  balloon  ascends,  for  no  loss  of  lock¬ 
ing  except  at  end  of  range,  is  shown  in 
Figure  8. 5. 

Subharmonic  operation  is  desirable 
to  a  certain  extent,  particularly  at  high 
altitudes,  because  the  quench  pulse  fre¬ 
quency  remains  high,  yield!'- ■»  more 
pulses  per  unit  time  fore  there 

is  a  greater  averai  _•  transmitted  power  and  better  aignal-to-noise  ratio.  Range 
ambiguities  are  equal  to  the  minimum  attitude  and  can  be  resolved  by  pressure 
readings  or  by  extrapolation  of  the  balloon  ascent  data. 

Subharmonic  operation  is  recommended  even  if  the  range  of  operation  is 
limited,  as  in  the  case  of  the  superpressure  balloons.  It  is  possible  not  only  to 
assure  that  only  one  mode  will  cover  a  given  limited  range,  but  that  the  subhar¬ 
monic  mode  numbers  can  be  chosen  to  give  several  different  ranges  with  no  changes 
in  circuitry.  As  an  example,  suppose  that  an  altimeter  is  designed  with  a  maximum 
repetition  period  range  of  25s  sec.  to  SO s  sec.  This  altimeter  will  measure  alti¬ 
tudes  over  about  a  3  km  range  centered  at  300  mb  on  the  third  subharmonic  and 
centered  at  100  mb  on  the  fourth  subharmonic  with  no  changes  in  circuitry. 

The  maximum  altitude  of  operation  is  influenced  by  transmitter  power,  antenna 
gain,  choice  of  operating  frequency,  terrain,  etc.  The  upper  limit  for  altimeters 
currently  being  used  is  35  to  40  km  over  water  and  12  to  15  km  over  land  using 
5-element  yagi  antennas  at  403  MH«,  Larger  antennas  can  be  used  but  not  without 
an  accompanying  increase  in  bulk  and  weight.  An  altimeter  operating  at  1680  MH* 
requires  12  db  more  gain  than  one  operating  at  403  MHz  to  give  the  same  perfor¬ 
mance.  Moat  of  this  csn  be  made  up  in  antenna  gain. 


READING  (KILOMETERS) 
Figure  6.5.  Range  Ambiguity  Pattern 
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The  best  means  of  extracting  the  altitude  data  is  counting  the  pulse  repetition 
rate.  In  short  range  balloon  flights,  such  as  radiosonde  flights,  this  is  relatively 

easv  since  the  ground  station  is  within  re* 
ceiving  range  of  the  altimeter  radar  pulses. 
A  block  diagram  of  such  a  ground  station 
is  shown  in  Figure  8.6.  This  scheme  is 
quite  inefficient,  however,  because  it  uses 
100  kHz  of  bandwidth  to  receive  a  signal 
of  1  Hz  bandwidth. 

In  longer  balloon  flights,  such  as 
GHOST  flights,  it  is  more  efficient  to 
make  a  bandwidth  reduction  on-board  the  balloon  package  before  transmission. 

One  method  of  doing  this  is  to  multiply  the  VCO  signal  with  a  fixed  frequency  from 
a  crystal  oscillator.  The  difference  frequency  is  then  counted  down  (by  a  factor  of 
1024  in  present  GHOST  flights)  before  the  data  is  telemetered. 

An  alternative  is  to  sample  the  voltage  at  the  input  to  the  VCO  and  use  the  analog 
information  for  the  telemetry  signal.  However,  this  requires  a  very  linear, 
temperature-stable  VCO  characteristic  and  some  degradation  in  performance  can 
be  expected.  An  altimeter  for  the  IRLS*  flights  is  being  tested  using  this  approach. 


Figure  8.6.  Block  Diagram  of  Ground 
Station 


1.5  TEST  RESl'LTS 

As  of  1  May  1870,  nine  flight  tests  and  several  ground  tests  of  the  altimeter 
have  been  made  and  several  more  are  pending.  Four  aircraft  flights  were  made  to 
test  prototype  models  and  to  gather  information  on  the  shape  of  the  return  pulse. 
Three  regular  radiosonde  balloon  flights  were  made,  one  over  local  terrain  and  two 
over  Lake  Michigan  (Levanon  and  Suomi).  The  latter  two  of  these  flights  demon¬ 
strated  that  an  early  version  of  the  altimeter  could  measure  altitudes  accurately 
up  to  18  km  over  water.  Two  GHOST  flights  have  been  made  from  Christchurch, 
New  Zealand  and  a  third  is  pending. 

The  first  GHOST  balloon  was  launched  to  100  mb  (18, 8  km).  The  electronics 
payload  Included  the  regular  GHOST  package  plus  the  radar  altimeter  end  solar 
panels  to  supply  power  to  the  altimeter.  Interference  between  the  telemetry  sys¬ 
tem  end  the  altimeter  prevented  proper  operation  of  the  altimeter.  A  second 
GHOST  balloon  wea  launched  to  100  mb  (18.8  km)  on  8  October  1989.  From  the 
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data  received,  the  altimeter  provided  altitude  readings  for  about  seven  hours. 

Data  transmission  ended  as  the  sun  dropped  below  20  degrees  incidence,  reducing 
the  power  available  from  the  solar  cells  below  the  operational  level.  Unfortunately, 
the  balloon  went  down  during  the  night. 

All  the  above  flight  tests  were  made  using  altimeters  with  vacuum  tube  rf 
stages.  To  conserve  power,  an  effort  was  started  in  January  to  redesign  the  alti¬ 
meter  using  all  solid-state  components.  The  resulting  new  electronics  for  the 
403  MHz  altimeter  is  shown  in  Figure  8.  7.  A  photograph  of  the  403  MHz  alumeter 
with  its  antenna  is  shown  in  Figure  8.8. 


•*K*~  -cm*  •  -v 


Figure  8. 7.  Electronics  Package  of  Figure  8. 8  Radio  Altimeter  Being  Used 
the  Radio  Altimeter  in  GHOST  Balloon  Flights 


Recent  tests  have  shown  that  the  new  altimeter  model  has  enough  sensitivity 
to  lock  on  specular  components  in  ground  clutter,  for  example,  metal  roofs  of 
buildings,  etc.,  beyond  the  minimum  range  of  the  unit.  A  very  convenient  and  in¬ 
expensive  test  is  to  point  the  altimeter  at  the  horizon  from  the  top  of  a  tall  building. 

Altitude  measurement  error  in  a  laboratory  calibration  setup  is  less  than  ±3 
meters  over  a  one-second  integration  time.  Minimum  signal  to  maintain  lock  is 
3  it v  at  the  antenna  terminals.  Weight  distribution  of  present  models  is: 


Electronics 

4  os 

Antenna 

3  os 

Packaging  and  cabling 

3  os 

10  os 

Power  required  is  one  watt  at  *  12  V.  Light-weight  solar  panels  are  being  used 
for  the  superpressure  balloon  flight! . 


A  prototype  of  a  solid-state  altimeter  operating  at  1680  MHz  has  been  built 
and  tested.  Transistors  are  still  very  expensive  for  this  operating  range,  and 
temperature  stability  is  more  of  a  problem  than  at  403  MHz.  Work  in  this  area 
is  continuing. 


8.6  EXTENSIONS 

The  foregoing  has  described  what  has  been  done  with  the  radio  altimeter 
concept.  Tests  indicate  that  the  altimeter  is  a  very  useful  ard  practical  meteor¬ 
ological  tool.  Here  we  discuss  several  extensions  of  these  ideas  for  continued 
study  and  development. 

The  altimeter  operation  is  not  affected  by  changes  in  the  carrier  frequency. 

We  have  found  that  the  frequency  can  be  tuned  using  a  diode,  and  thus  informaticn 
can  be  multiplexed  on  the  center  frequency.  It  is  quite  conceivable  for  example, 
that  temperature,  pressure,  and  humidity  information  can  be  multiplexed  on  the 
center  frequency  of  the  altimeter. 

The  altimeter  is  quite  insensitive  to  other  pulsed  signals  and  moderately  in¬ 
sensitive  to  other  CW  signals.  It  is  very  sensitive  to  other  signals  near  its  center 
frequency  which  have  a  tone  modulation  near  the  200  Hz  tone  used  for  the  error 
signal.  This  suggests  the  use  of  tone-modulated  signals  to  capture  or  perturb  the 
altimeter  operation,  allowing  opportunities  for  interrogation  or  ranging  from  a 
controlled  transmitter.  Measurements  of  winds  are  a  distinct  possibility  in  this 
way. 

Perhaps  one  of  the  greatest  disadvantages  in  finding  widespread  meteorological 
applications  for  these  altimeters  is  cost.  Parts  costs  alone  total  $200.00  for 
present  units.  At  least  half  of  this  is  directly  attributable  to  the  use  of  military 
grade  components,  particularly  the  integrated  circuits,  to  meet  the  rigid  tempera¬ 
ture  specification. 

We  anticipate  that  many  cost -saving  cuts  can  be  made  in  the  design  without 
sacrificing  very  much  in  performance.  Possibilities  in  integrated  circuit  design, 
particularly  on  mass  produced  levels,  could  also  make  significant  reductions  in 
cost.  In  short,  even  though  the  present  altimeter  is  several  orders  of  magnitude 
below  the  cost  of  other  airborne  radars,  the  possibility  of  a  truly  expendable  alti¬ 
meter  whets  the  appetite  of  the  experimenter! 
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9.  Vertical  Laser  Link  Using  Tethered  Balloon 

M.  Subramanian 
Bell  Talephon*  Laboratories,  Inc 
WHippany,  Now  Jersey 


Abstract 


A  mobile  vertical  laser  link  using  a  tethered  balloon  and  an  optical  tracker 
has  been  developed  to  study  atmospheric  propagation  effects.  A  hollow  retrore¬ 
flector,  mounted  on  a  stabilizer  and  oriented  by  radio  control  from  the  ground,  is 
(continuously  tracked  by  an  optical  tracker-transreceiver  using  a  helium-neon  laser 
operating  at  0.  6328  micron  wavelength. 

The  balloon  has  been  flown  in  Chester,  New  Jersey,  up  to  a  1000-foot  altitude, 
and  has  been  tracked  satisfactorily  in  wind  speeds  up  to  15  miles  per  hour  during 
daylight  hours.  The  results  of  the  measurement  of  laser  intensity  scintillation  due 
to  modulation  by  atmospheric  turbulence  is  presented. 


9.1  INTRODUCTION 


A  number  of  studies  have  been  made  of  the  atmospheric  effects  on  optical 
propagation  on  horizontal  terrestrial  paths.  However,  due  to  difficulties  involved 
in  establishing  suitable  airborne  platforms,  relatively  little  experimental  work  has 
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been  performed  for  vertical  paths.  The  early  studies  on  vertical  optical  propaga¬ 
tion  have  been  made  principally  by  observing  stellar  scintillation.  However, 
Hudson  (1965)  recently  has  observed  a  twinkling  layer  in  the  lower  atmosphere 
using  an  incoherent  source  on  a  free-falling  balloon,  and  Minott  (1969)  has  made 
scintillation  measurements  with  a  detector  on  a  satellite  and  a  laser  source  on 
the  ground.  The  present  work  describes  a  vertical  laser  link  using  a  tethered 
balloon,  for  purposes  of  making  atmospheric  propagation  studies. 

The  overall  system  is  shown  in  Figure  9. 1.  A  hollow  retrorefleetor,  mounted 
on  a  stabilizer  and  oriented  by  radio  control  from  the  ground,  is  suspended  from 
the  balloon  and  is  continuously  tracked  by  an  optical  tracker -transreceiver  using 
a  laser  source.  The  laser  radiation  is  transmitted  through  a  10-inch  refracting 
telescope  as  a  defocussed,  circularly-polarized  beam.  The  return  beam  is  re¬ 
ceived  by  the  same  optics,  and  split  by  a  beam  splitter  into  signal  and  tracking 
channels.  Thus,  propagation  measurements  are  simultaneously  made  while  track¬ 
ing  the  retrorefleetor  on  the  balloon. 

The  balloon  has  been  flown  up  to  an  altitude  of  1000  feet,  and  has  been  tracked 
with  a  high  degree  of  smoothness  up  to  15  miles  per  hour  wind  speed  during  day¬ 
light  hours.  The  initial  experiment  is  aimed  at  measuring  the  vertical  turbulence 
profile  of  the  atmosphere.  The  data  on  intensity  scintillation  as  a  function  of 
vertical  range  is  presented  for  a  location  in  Chester,  New  Jersey. 

9.2  OPTICAL  TRACKER  AND  TRANSCEIVER 

A  block  diagram  describing  the  various  components  of  the  optical  tracker- 
transceiver  is  shown  in  Figure  9.  2  and  the  details  of  the  components  are  given 
in  Figure  9.  3.  The  major  components  of  the  tracker-transceiver  are  a  laser 
source  for  the  transmitter,  an  optical  circulator  that  provides  isolation  between 
transmitter  and  receiver,  a  common  transmitting  and  receiving  telescope,  a  beam 
splitter  to  divide  the  return  beam  between  the  data  and  tracking  receivers,  data 
receiver,  tracking  receiver,  servo -system,  and  the  antenna  mount  (not  shown  in 
the  figure).  The  transmitter  is  a  helium-neon  laser  source  operating  at  0. 6328 
micron  wavelength,  designed  to  generate  linearly  polarized  radiation  in  a  single 
transverse  mode.  The  output  is  focused  on  an  optical  circulator  whose  function 
is  to  direct  the  radiation  to  the  telescope  without  feeding  it  into  the  receivers. 

It  consists  of  a  Gian- Laser  polarizer  (a  modified  Glan-Thompson  prism)  that 
causes  total  internal  reflection  for  the  light  coming  from  the  transmitter.  The 
bent  beam  then  traverses  through  a  quarter -wave  plate  that  converts  the  linear 
polarization  into  circular  polarization.  The  output  of  the  circulator  is  passed 
through  a  10-inch  refracting  telescope.  The  telescope  has  incorporated  in  it 
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Figure  9. 1.  Laser  Vertical 
Propagation  Link 


Figure  9.  2.  Tracker-Transceiver 
Block  Diagram 
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a  zoom  system  that  can  vary  the  focal  length  of  the  telescope  continuously  from 
60  to  240  inches.  The  zoom  system  facilitates  varying  the  diameter  and  divergence 
of  the  outgoing  beam,  and  has  been  set  at  the  240-inch  focal  length  position.  The 
outgoing  beam  from  the  telescope  is  approximately  6.  5  inches  in  diameter  and 
diverges  with  a  cone  angle  of  approximately  1  milliradian.  These  dimensions  of 
the  beam  ensure  that  the  divergence  produced  by  the  atmospheric  turbulence 
(approximately  0. 1  milliradian)  and  the  diffraction  limited  divergence  (4  micro¬ 
radians)  are  small  compared  to  the  defocussing  produced  on  the  beam. 

As  will  be  explained  in  the  following  section,  the  returned  beam  from  the 
retroreflector  is  circularly  polarized  in  the  opposite  sense.  Its  size  on  the  objec¬ 
tive  of  the  telescope  is  5  inches  in  diameter  (twice  the  size  of  the  retroreflector) 
so  that  the  returned  power  is  collected  in  total  by  the  1 0-inch  objective  of  the  tele¬ 
scope.  The  circularly-polarized  return  beam  traversing  through  the  quarter-wave 
plate  in  the  circulator  is  once  again  converted  into  linear  polarization.  However, 
due  to  the  reverse  sense-  of  rotation  it  is  now  orthogonal  to  the  transmitted  beam 
orientation.  The  Glan-Laser  polarizer  now  transmits  the  light  through  to  the  re¬ 
ceiver  without  causing  total  internal  reflection.  The  optical  isolation  between  the 
transmitter  and  receiver  was  measured  at  better  than  40  dB. 

The  functioning  of  the  circulator  as  described  above  does  not  possess  any 
nonreciprocal  behavior  and  hence,  in  the  strictest  sense,  the  name  is  a  misnomer. 
However,  it  is  still  used  in  this  context  here,  as  its  performance  from  an  overall 
system  behavior  achieves  the  same  goal.  It  is  a  vital  component  in  the  system  in 
that  it  enables  the  design  to  achieve  its  performance  objectives,  which  include  the 
following: 

(1)  First,  it  enables  the  receiver  to  detect  the  core  of  the  beam,  thus  facili¬ 
tating  comparison  with  analytical  results. 

(2)  Secondly,  it  prevents  the  return  beam  from  reaching  the  laser  cavity, 
thus  avoiding  instabilities  in  the  laser. 

(3)  Finally,  the  use  of  a  circulator  improves  tracker  performance  by  permit¬ 
ting  a  full  circular  image  on  the  rotating  chopper  (see  Figure  9. 3). 

In  the  receiver,  the  laser  beam  is  divided  by  a  beam  splitter  into  two  paths 
labeled  1  and  2  in  Figure  9. 3,  used  respectively  for  tracking  and  propagation 
measurements.  The  beam  transmitted  directly  through  the  beam  splitter  (path  1) 
falls  on  a  rotating  mechanical  chopper.  The  chopper  has  a  semi-circular  mirrored 
front  surface  and  a  reference  source  and  diode  (not  shown  in  the  figure)  on  its  side. 
The  beam  reflected  from  the  face  of  the  chopper  falls  on  a  photomultiplier  tube 
(PMT)  whose  output  is  fed  to  the  error  sensing  electronics  circuitry.  If  the  beam 
returning  from  the  retroreflector  arrives  along  the  axis  of  the  telescope,  no 
tracking  errors  are  developed.  However,  if  the  beam  from  the  retroreflector 
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arrives  off-axis,  the  beam  is  displaced  from  the  center  of  the  chopper  face,  and 
both  azimuthal  and  elevation  errors  are  developed  by  the  error  sensing  electronics 
circuitry. 

The  beam  reflected  by  the  beam  splitter  in  the  receiver  system  (path  2)  is 
passed  successively  through  an  eyepiece  lens,  an  interference  filter  to  reduce  the 

i 

background  light,  and  a  1  mm  aperture  and  then  detected  by  the  data  channel  PMT. 
The  output  of  the  PMT  is  recorded  on  tape  by  a  FM  tape  recorder. 

The  transmitter,  circulator,  telescope,  and  the  two  receivers  are  assembled 
on  a  common  base  and  mounted  on  an  antenna  mount  which  is  controlled  and  driven 
by  a  servo-system.  The  error  signals  derived  by  the  tracking  receiver  actuate 
the  servosy8tem  which  keeps  the  telescope  pointing  at  the  retroreflector.  The 
picture  of  the  antenna  mount  positioned  on  a  portable  trailer  along  with  the  tracker- 
transceiver  assembly  is  shown  in  Figure  9. 4. 

9.3  BALLOON  AND  RETROREFLECTOR  SYSTEM 

The  balloon  used  to  establish  the  space  station  is  a  tethered  balloon  system 
that  is  capable  of  flying  up  to  1500  feet  above  local  ground  level  in  Chester,  New 


Figure  9. 4.  Tracker-Transceiver  Picture 
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Jersey,  (800  feet  above  M.  S.  L.  )  carrying  a  payload  of  approximately  5  pounds. 

The  775  cu  ft  aerodynamically-shaped  balloon  made  by  Schejldhal  and  Company 
measures  26  feet  in  length  and  7.  5  feet  in  diameter  and  is  filled  with  helium.  The 
balloon  is  capable  of  flying  up  to  a  maximum  wind  speed  of  25  knots.  A  gasoline- 
powered  winch  is  used  to  raise  and  lower  the  single-tethered  balloon.  The  balloon 
launching  and  mooring  is  a  two-man  operation;  though  while  it  is  flying,  only  one 
man  is  required  at  the  winch.  The  angle  of  attack  is  designed  to  be  10  degrees. 
However,  since  this  was  not  the  case  with  the  balloon  supplied,  a  ballast  weighing 
about  3  to  5  pounds  had  to  be  added  to  the  tail  end  to  stabilize  the  balloon  from 
excessive  rotation.  The  balloon  was  still  having  a  rotational  oscillation  of  over  90 
degrees  which  is  beyond  the  field  of  view  of  the  retroreflector  used,  thus  resulting 
in  frequent  loss  of  tracking.  Consequently,  considerable  effort  was  spent  in  de¬ 
signing  a  stabilizing  system  for  the  retroreflector. 

The  2.  5 -inch  retroreflector  used  to  return  the  beam  to  the  ground  station  is 
a  hollow,  three-sided  reflector  and  has  a  field  of  view  of  about  40°.  In  other  words, 
any  incident  beam  on  the  retroreflector  within  a  cone  of  40°  about  its  axis  is  re¬ 
flected  back  in  the  same  direction  as  the  incident  radiation.  Since  the  number  of 
reflections  that  occur  at  the  retroreflector  is  three,  the  circularly  polarized  inci¬ 
dent  radiation  is  returned  circularly  polarized  in  the  opposite  sense.  As  mentioned 
in  Section  9.  2,  this  reversal  of  polarization  is  a  necessary  criterion  for  the  func¬ 
tioning  of  the  optical  circulator. 

In  spite  of  the  large  field  of  view  of  the  retroreflector,  its  orientation  needs 
to  be  maintained  in  such  a  direction  as  to  keep  facing  the  telescope  on  the  ground 
all  the  time.  Its  azimuthal  orientation  will  change  due  to  change  in  wind  direction, 
as  well  as  any  torque  imparted  to  it  either  by  the  rotation  of  the  balloon  or  by  the 
twist  in  the  tether  to  the  ground.  The  azimuthal  orientation  will  also  change  if 
there  is  a  large  horizontal  displacement  of  the  balloon  due  to  strong  wind.  The 
elevation  orientation  needs  to  be  changed  as  the  balloon  is  flown  at  different 
altitudes. 

Any  design  for  the  retroreflector  assembly  must  meet  two  primary  demands. 
First,  it  should  stabilize  the  orientation  of  the  retroreflector  so  that  it  is  always 
looking  towards  the  telescope  on  the  tracker.  Secondly,  the  overall  weight  of  the 
assembly  should  be  as  small  as  possible  since  increase  in  payload  reduces  the 
maximum  altitude  up  to  which  the  balloon  can  be  flown.  The  following  preliminary 
scheme,  shown  in  Figure  9.  5,  used  for  mou”  .ng  the  retroreflector,  though  not 
completely  satisfactory  from  the  latter  consideration,  proved  adequate  for  initial 
experimentation.  The  retroreflector  is  mounted  on  a  yoke  that  can  be  positioned 
over  approximately  100-degree  elevation  angle  range.  The  rotation  is  achieved 
by  the  use  of  a  radio-controlled  servo-motor  that  can  be  operated  from  ground. 
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Thus,  when  the  altitude  at  which  the  bal¬ 
loon  is  flown  is  changed,  the  retroflec- 
tor  can  be  reoriented  for  the  appropriate 
elevation  angle  without  having  to  bring 
the  balloon  down.  The  yoke  containing 
the  retroreflector  and  radio-controlled 
servo  is  attached  to  the  center  of  a  12- 
foot  boom  with  a  1.  75  pound  weight 
attached  to  each  end.  Such  an  arrange¬ 
ment  helps  to  increase  the  moment  of 
inertia  of  the  system  and  thus  increase 
the  period  of  free  oscillation  of  the 
retroreflector  about  a  vertical  axis. 

The  natural  period  of  oscillation  of  this  system  was  measured  to  be  approximately 
1  minute.  To  minimize  the  rotational  torque  imparted  to  the  boom  due  to  the  ro¬ 
tation  of  the  balloon  from  above  and  due  to  twist  m  the  tether  from  below,  the  boom 
is  attached  between  the  balloon  and  the  tether  with  two  swivel  couplings.  The  ef¬ 
fects  due  to  translational  motion  of  the  balloon  caused  by  gusts  of  wind  is  mini¬ 
mized  by  providing  a  25 -foot  tether  between  the  boom  and  the  balloon.  A  braid 
was  attached  to  the  two  ends  of  the  boom  and  a  thin  guy  line  was  brought  down  in 
the  direction  of  the  tracker  and  held  by  a  person  on  the  ground.  This  enabled  the 
retroreflector  orientation  to  be  kept  facing  the  tracker  successfully.  The  weight 
of  the  complete  retroreflector  assembly  was  approximately  7  pounds.  Figure  9.  6 
shows  the  balloon,  the  retroreflector,  and  the  winch  under  operating  conditions. 

The  retroreflector  orientation  scheme  described  above  requires  the  continu¬ 
ous  use  of  one  person  to  maintain  the  azimuthal  orientation.  An  improved  design, 
shown  in  Figure  9.  7,  is  expected  to  relieve  this  manual  requirement  by  providing 
greater  azimuthal  and  elevation  stabilization  as  well  as  radio-controlled  azimuthal 
orientation.  As  in  the  previous  design,  the  retroreflector  assembly  is  attached 
to  the  balloon  by  a  25-foot  tether  line,  and  two  swivel  couplings  are  used  to  attach 
the  assembly  between  the  balloon  and  the  tether  to  ground.  A  battery-operated 
gyro- stabilizer  motor  is  used  to  achieve  greater  stability  due  to  sudden  impulses. 
The  natural  azimuthal  oscillation  period  of  the  gyrostabilizer  is  in  the  order  of 
minutes.  Since  the  gyrostabilizer  does  not  have  a  preferred  orientation  axis,  a 
wind  vane  has  been  provided  to  provide  3uch  an  axis,  which  in  this  case  will  be 
the  average  direction  of  the  wind.  The  desired  orientation  of  the  retroreflector 
azimuthal  direction  will,  in  general,  be  different  from  that  of  the  average  wind 
direction  and  is  achieved  from  ground  by  the  additional  radio-controlled  servo¬ 
motor  provided  in  the  new  design.  The  elevation  orientation  control  operates  in 
a  similar  fashion  as  described  in  the  previous  design. 


Figure  9.  5.  Retroreflector  Assembly 
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Figure  9.6.  Proposed  Retroreflector 
Assembly 


Figure  9.  7.  Halloon  and  Retroreflector 
Assembly 


OPERATIONAL  AND  MEASUREMENT 
PROCEDURE 

The  winch  for  the  balloon  tether  was 
positioned  at  about  400  feet  away  from 
the  tracker.  As  the  balloon  was  flown  at 
various  altitudes,  the  propagation  link 
was  always  maintained  on  a  slanted  range. 
This  was  necessary  in  order  to  avoid 
tracking  at  zenith  angle,  in  which  case 
the  error  developed  in  the  azimuthal 
channel  will  vary  so  rapidly  as  to  cause 
loss  of  tracking.  The  balloon  was  flown 
at  every  100-foot  incremental  altitude 
from  ground  level  up  to  1000  feet.  The 
maximum  altitude  was  limited  to  1000 
feet  due  to  heavier  payload  and  the  weight 
due  to  balloon  stabilization  ballast.  At 
each  altitude  the  balloon  was  maintained 
relatively  stationary,  and  simultaneous 
tracking  and  intensity  scintillation  meas¬ 
urements  were  performed.  During  the 
majority  of  time  while  the  altitude  was 
varied,  the  tracker  followed  the  retro¬ 
reflector  continuously.  The  FAA  regu¬ 
lations  limited  the  balloon  flying  up  to 
a  maximum  wind  speed  of  15  mph,  and 
the  tracker  was  able  tc  follow  the  retro¬ 
reflector  up  to  this  speed.  The  jitteri¬ 
ness  in  tracking  was  measured  to  be  ap¬ 
proximately  1  arc  second.  Tracking 
was  found  to  be  difficult  when  either  the 
wind  was  very  gusty  or  it  changed  direc¬ 
tions  rapidly. 

The  intensity  scintillation  data, 
which  is  obtained  as  a  time  varying  vol¬ 
tage  out  of  the  data  channel  PMT,  was 
recorded  by  the  FM  tape  recorder  for 
about  2  to  3  minutes  at  each  altitude. 
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9.S  RESULTS 

A  typical  picture  of  the  data  channel  PMT  output  due  to  intensity  scintillation 
is  shown  in  Figure  9.  8.  In  addition  to  the  fast  fluctuations  seen  on  the  scope  trace, 
there  is  also  the  slowly  varying  component.  In  other  words,  the  modulation  com¬ 
ponents  introduced  by  the  atmospheric  turbulence  h  ive  not  only  fast  fluctuations 
extending  up  to  a  few  hundred  Hertz,  but  also  down  to  0  Hz.  This  is  the  reason 
for  observing  the  scintillation  for  an  extended  period,  namely  in  the  order  of  min- 
utos.  The  recorded  information  on  the  tape  was  processed  through  an  analog  com¬ 
puter  to  obtain  the  measure  of  fluctuations  in  the  received  signal,  described  by 
the  quantity  called  the  depth  of  modulation.  It  is  defined  as  the  ratio  of  the  rms 
voltage  to  the  average  voltage.  It  is  easy  to  estimate  the  depth  of  modulation  for 
an  equivalent  vertical  range  (Subramanian,  1970)  from  the  measured  values  of 
slant  range.  This  is  shown  in  Figure  9.  9  where  the  dots  indicate  the  average 
depth  of  modulation  over  a  2-minute  period  at  each  altitude  flown,  and  the  error 
bars  denote  the  variance  of  the  depth  of  modulation  over  the  same  interval.  This 
result  has  been  used  to  estimate  the  vertical  profile  of  the  atmospheric  turbulence 
(Subramanian,  1970)  in  the  local  troposphere  at  Chester,  New  Jersey. 


9.1  SUMMARY 


A  mobile  vertical  laser  link  using  a  tethered  balloon  has  been  developed  to 
study  the  atmospheric  effects  on  optical  propagation,  and  as  a  remote  probing 
technique  for  measuring  the  atmospheric  parameters.  The  optical  tracker- 
transceiver  while  following  ths  retroreflector  suspended  from  a  tethered  balloon 
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Figu.'e  9. 8.  Temporal  Representation 
of  Scintillation 
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Figure  9. 9.  Vertical  Range  Impendence 
of  Depth  of  Modulation 
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makes  simultaneous  measurements  of  the  effects  of  the  atmosphere  on  laser 
radiation.  The  autotrack  system  has  been  demonstrated  to  track  smoothly  (to 
the  order  of  an  arc-second  jitteriness)  up  to  a  slant  range  of  about  1000  feet,  and 
an  elevation  angle  of  about  50  degrees  under  wind  speed  conditions  up  to  15  mph. 
The  result  on  the  intensity  scintillation  produced  by  the  atmospheric  turbulence 
as  a  function  of  vertical  range  is  presented. 
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10.  A  Review  of  VHF  Balloon  Instrumentation 

D.M.  Thon 
Winzon  Research  Inc. 
Minneapolis,  Minnesota 


For  the  past  several  years,  balloon  control  and  telemetry  equipment  has  in¬ 
cluded  elements  borrowed  from  the  vast  list  of  VHF  equipment  developed  specifi¬ 
cally  for  missile  research  and  for  the  NASA  space  program.  This  equipment  was 
developed  to  meet  demanding  specifications  and  to  provide  great  flexibility  in  data 
handling  capability.  Standardizing  criteria  had  been  established  by  the  Inter  Range 
Instrumentation  Group  which  allowed  systems  to  be  assembled  using  elements 
from  different  manufacturers,  and  made  the  basic  ground  telemetry  stations 
compatible  with  a  variety  of  flight  package  configurations.  With  improved  efficiency 
of  VHF  po\  5r  generation  by  solid  state  devices  and  with  VHF  direction-finding 
equipment  suitable  for  light  aircraft  on  the  commercial  market,  the  last  ingredients 
for  change  were  available.  Conversion  meant  simply  deciding  that  acquisition  costs 
would  be  offset  by  the  advantages  of  greater  versatility  and  reliability. 

It  should  be  pointed  out  that  all  balloon  groups  did  not  necessarily  feel  the 
same  need  and,  therefore,  because  of  special  requirements  did  not  view  VHF  as 
the  best  solution  to  all  cf  their  problems.  It  is  accurate  to  say  that  all  recognized 
a  need  for  improvement;  that  significant  improvements  were  made;  and  that  VHF 
had  at  least  some  part  to  play  in  each  group's  improvement  package.  The  VHF 
system  to  be  described  is  typical  of  that  in  use  by  private  industry  for  flights 
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made  under  ONR,  NASA  and  NCAR  sponsorship,  and  is  typical  of  the  basic  system 
used  by  NCAR  in  their  flight  work. 

To  explain  the  need  for  change  requires  a  quick  look  at  what  had  been  in 
general  use.  Early  instrumentation  included  beacon  transmitters  in  the  1.65  to 
i<  75  MHz  range  which  enabled  aircraft  equipped  with  ARN-6  type  radio  compasses 
to  track  balloon  flights.  Simple  altitude  telemetry  was  obtained  by  the  use  of  a 
code  drum  and  a  moveable  contact  arm  which  was  positioned  by  an  aneroid  capsule. 
This  resulted  in  a  cw  signal  for  direction-finding  purposes  and  a  keyed  cw  code 
group  for  telemetering  the  altitude  level.  The  technique  served  well,  since  both 
a  beacon  signal  and  the  telemetered  altitude  data  were  available  to  the  tracking 
aircraft  without  special  reception  equipment.  It  meant,  however,  that  the  amount 
of  data  which  could  be  transmitted  was  severely  limited  and  that  data  sensor  out¬ 
put  had  to  be  converted  to  provide  coding  of  the  cw  signal. 

Another  undesirable  feature  was  the  long  wire  antenna  which  presented  prob¬ 
lems  at  launch  and  occasionally  at  flight  termination.  Near  free-fall  conditions 
had  been  experienced  with  some  parachute  descents  because  the  antenna  had 
become  wrapped  about  the  chute  risers,  preventing  full  canopy  deployment.  This 
entanglement  sometimes  caused  signal  loss  at  this  most  critical  time  of  the  track¬ 
ing  operation. 

Early  instrumentation  also  included  radio  command  receivers  operating  in 
the  HF  band  (6  to  7  MHz).  Again,  the  length  of  a  conventional  antenna  was  greater 
than  desired.  The  HF  band  is  extremely  crowded  and  is  characterized  by  a  very 
high  noise  level  whenever  electrical  storm  activity  occurs  within  a  radius  of 
several  hundred  miles.  While  the  competing  signals  and  the  noise  can  be  over¬ 
ridden  and  conditioned  to  allow  satisfactory  radio  command  response,  their  presence 
is  most  unwelcome  in  communications  relay  and  slant  range  measurement  appli¬ 
cations  . 

In  the  system  to  be  described  (Figure  10. 1)  telemetry  transmission  is  per¬ 
formed  by  a  solid  state  FM  transmitter  operating  in  the  225  to  260  MHz  band  with 
an  output  power  of  two  to  four  watts.  The  modulation  frequency  response,  sensi¬ 
tivity  and  linearity  meet  or  exceed  IRIG  and  FCC  standards,  as  do  specifications 
for  frequency  stability  and  spurious  signal  radiation.  Modulation  is  provided  by 
up  to  eighteen  subcarriers,  which  in  turn  are  frequency  modulated  by  a  voltage  de¬ 
rived  from  the  various  data  sensors.  These  subcarrier  oscillators  (voltage  con¬ 
trolled  oscillators)  may  be  time  shared  to  expand  the  number  of  data  inputs  whenever 
full-time  data  plots  are  unnecessary,  and  Pulse  Code  Modulation  (PCM)  may  be 
introduced  where  sampling  rates  ure  appropriate. 

The  telemetry  transmitter  also  serves  to  retransmit  a  ranging  signal  on  com¬ 
mand,  and  to  relay  voice  communication  wh  *n  placed  in  the  transpond  mode. 


These  functions  can  be  set  up  to  be  per¬ 
formed  in  the  presence  of  the  telemetry 
multiplex  or  may,  for  optimum  clarity, 
be  switched  to  exclude  telemetry  during 
the  short  intervals  devoted  to  their  u3e. 

The  antenna  for  the  VHF  telemetry 
transmitter  is  a  ground  plane  with  the 
radials  at  150  degrees  with  respect  tc  the 
vertical,  resulting  in  a  characteristic  im¬ 
pedance  of  50  ohms ,  The  antenna  is  flown 
with  the  ground  plane  above  the  radiator, 
and  therefore  power  is  directed  downward 
at  a  low  angle  with  respect  to  the  hori¬ 
zontal.  In  most  cases,  in  spite  of  random 
antenna  orientation,  a  signal  suitable  for 
aircraft  tracking  has  been  transmitted 
after  termination  and  impact.  This  has 

been  true  for  distances  as  great  as  60  Figure  10.  u  Balloon  instrument 

miles  with  the  payload  on  the  ground  and  Package 
the  tracking  aircraft  at  7,  500  feet  —  and 

on  one  occasion  was  still  functioning  after  a  free-fall  caused  by  a  parachute -burst 
balloon  entanglement. 

The  radio  command  receiver  and  decoder  forms  the  other  major  element  of 
the  instrument  package.  The  typical  basic  FM  receiver  uses  crystal -controlled 
local  oscillators  and  dual  conversion  to  give  excellent  stability  and  selectivity 
characteristics. 

Because  security  is  a  prime  concern  in  balloon  radio  command  systems,  the 
method  of  channel  selection  and  command  activation  must  provide  a  high  degree  of 
reliability.  Two  basic  methods,  with  slight  variations,  are  in  use  and  have  proven 
to  exhibit  the  necessary  characteristics.  The  first  of  these  is  a  tone-coded  system 
which  holds  the  receiver  output  stages  off  until  a  private  line  or  enable  gate  tone 
is  received.  This  serves  to  arm  the  decoder  output  stages  and  allows  a  second 
tone,  when  held  beyond  a  short  time  delay,  to  select  and  activate  the  desired  chan¬ 
nel.  With  present  equipment  this  method  may  be  used  to  operate  up  to  twenty-four 
channels  with  switch  closures  for  control  and  for  verification. 

The  other  method  is  a  PCM  type  developed  by  NCAR  to  provide  30  command 
channels.  In  this  system  the  PCM  commands  pulse  width-modulate  an  800  Hz  tone 
in  a  5-bit  binary  code  with  each  bit  followed  by  its  complement.  Transmission  of 
each  command  requires  approximately  880  milliseconds.  With  the  addition  of  u 


114 


TASI  ANTENNAE 


"syne"  pulse,  the  PCM  telecommand  system  provides  five  security  features. 

Before  the  decoder  will  activate  a  command,  the  PWM  must  be  on  an  800  Hz  tone, 
the  "syne"  pulse  must  precede  the  transmission  of  the  binary  command,  each  digit 
of  the  5 -bit  code  must  be  followed  by  its  complement,  there  must  be  only  11  pulses 
received  by  the  dec  der,  and  each  pulse  must  have  the  proper  width. 

The  command  receiver  also  processes 
signals  for  determining  slant  range  to  the 
balloon.  At  the  ground  station  (Figure  10.2) 
a  precise  tone  is  transmitted  to  the  balloon- 
borne  radio  command  receiver  and  is  si¬ 
multaneously  presented  to  one  input  of  a 
phase  comparator.  When  received  at  the 
balloon,  this  tone  operates  a  gate  circuit 
which  switches  the  signal  to  the  telemetry 
transmitter  for  retransmission.  The  ground 
station  telemetry  receiver  provides  the  re¬ 
turned  signal  for  the  other  input  of  the  phase 
comparator,  resulting  in  an  analog  voltage 
proportional  to  phase  difference.  The  dis¬ 
tance  represented  by  each  degree  of  phase 
shift  is  determined  by  the  frequency  of  the 
ranging  tone.  If  this  frequency  is  made 
precisely  224.  7  Hz,  each  degree  of  phase 
shift  is  equal  to  one  nautical  mile  and  with 
proper  scale  select  on,  can  be  read  directly 
in  nautical  miles  with  a  digital  voltmeter. 
The  slant  range  figure  is  reduced  to  a 

horizontal  distance  using  balloon  altitude  information,  and  is  coupled  with  an 
azimuth  indication  to  allow  position  fixes  to  be  plotted  on  a  map.  Azimuth  is  ob¬ 
tained  by  lobe  switching  two  vertically  oriented  Yagi  arrays  mounted  to  include 
several  degrees  of  divergence.  A  scope  presentation  of  the  telemetry  receiver  IF 
signal  shows  the  amplitudes  produced  by  alternate  lobe-switch  positions.  When  the 
motor-driven  antenna  array  is  positioned  to  produce  precisely  equal  amplitudes, 
the  direction-setting  is  complete  and  can  be  read  out  with  any  suitable  angular  posi¬ 
tion  indicator. 

Another  function  provided  by  the  radio  command  receiver  concerns  trans- 
ponding  voice  communication  from  ground  and  aircraft  locations  through  the  balloon 
instrumentation  package  to  any  other  location  not  in  direct  line -of -sight.  Again 
a  tone-actuated  enable  gate  is  used  to  switch  audio,  from  which  the  tone  has  been 
filtered,  to  the  modulation  input  of  the  telemetry  transmittei .  As  in  ranging,  the 
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Figure  10.2.  Ground  Station 


tone  employed  is  not  one  of  those  used  in  the  normal  command  channels  and,  since 
the  enable  tone  to  activate  the  command  channels  is  not  transmitted,  there  is  no 
possibility  of  inadvertent  command  operation. 

Considering  the  many  functions  performed  by  this  basic  instrumentation  pack¬ 
age,  the  efficiency  is  quite  good.  The  weight  of  a  typical  system  —  six  telemetry 
channels  and  six  command  channels  —  is  approximately  18  pounds  including  a 
water-tight,  drawn  aluminum  housing.  Continuous  power  consumption  is  of  the 
order  of  10  watts  which,  for  36  hours,  is  conservatively  provided  by  a  silver-cell 
package  weighting  24  pounds,  including  adequate  reserve  to  power  intermittent 
command  circuit  requirements.  The  24 -pound  figure  includes  a  water-tight,  drawn 
aluminum  housing. 

As  previously  reported  by  the  AFCRL  Instrumentation  Group,  it  is  often 
desirable  to  avoid  hardwire  power  connection  between  apex  helium  valves  and  the 
instrument  package  at  the  base  of  the  parachute.  The  alternative  is  to  fly  a  small 
radio  command  package  mounted  on  the  balloon  top  fitting.  This  package  contains 
the  power  supply  for  both  the  command  receiver  and  for  the  operation  of  the  helium 
valve  motor.  A  typical  package  with  power  for  four  hours  of  valve  operation 
weighs  20  pounds  complete  with  insulated  housing.  No  verification  signal  is  avail¬ 
able  in  this  case  aside  from  the  telemetry  of  response  to  valving,  which  is  avail¬ 
able  on  the  altitude  telemeter  in  the  base  package.  Should  immediate  verification 
of  valve  position  be  desired,  a  second  VHF  transmitter  on  an  alternate  frequency 
can  be  used.  Approximately  ten  pounds  of  weight  are  required  for  this  additional 
feature. 

Current  instrumentation  development  at  WRI  is  aimed  at  lowering  package 
power  consumption  through  the  use  of  integrated  circuits.  Along  with  a  reduced 
power  requirement  which,  of  course,  will  reduce  size  and  weight,  a  significant 
increase  in  reliability  is  expected. 

One  specific  area  where  improvement  efforts  are  continuing,  concerns  the 
replacement  of  resonant  retd  and  contactless  resonant  reed  relays  in  the  radio 
command  output  section.  Extremely  selective  passive  filters  have  been  constructed 
and,  after  more  extensive  testing,  may  allow  this  desirable  replacement. 
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11.  Evaluation  of  UHF  Radio  Frequency 
Equipment  for  Balloon  Telemetry 


O.L.  Cooper 

National  Cantar  for  Atmospheric  Research 
Boulder,  Colorado 


11.1  INTRODUCTION 

For  several  years  the  National  Center  for  Atmospheric  Research  (NCAR)  has 
provided  VHF  telemetry  for  data  retrieval  from  scientific  experiments  on  high- 
altltude  research  balloons.  This  consists  of  Standard  IRIG  FM/FM  and  PCM/FM/ 
FM  telemetry.  In  accordance  with  a  Military  Communications  Board  Memorandum, 
MCEB-M-92-65,  all  telemetry  operations  were  to  have  been  transferred  from  the 
VHF  band  to  the  UHF  bands  by  1  January  1970.  The  VHF  band  is  215-260  MHz 
while  the  UHF  bands  are  1435-1540  MHz  (L-Band)  and  2200-2300  MHz  (S-Band). 
Most  telemetry  activity  has  been  assigned  to  the  higher  band;  however,  the  Inter¬ 
departmental  Radio  Advisory  Committee  (IRAQ  has  provided  assignment  in  the 
L-Band  for  balloon  telemetry.  Because  of  the  anticipated  frequency  transfer, 

NCAR  obtained  the  necessary  equipment  for  UHF  telemetry  evaluation  for  balloon¬ 
ing  and  has  had  several  flight  tests  with  the  equipment.  Even  though  a  time  exten¬ 
sion  has  been  granted  for  using  the  VHF  band,  a  forward  effort  is  being  made  to 
fully  effect  the  changeover,  because  further  time  extensions  are  not  anticipated. 

The  major  deterrents  in  converting  to  UHF  are  the  cost,  complexity  of  equip¬ 
ment  and  the  low  efficiency  of  the  airborne  transmitters.  The  propagation  loss  at 
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the  higher  frequencies  is  greater,  making  it  necessary  to  have  a  high-gain  antenna 
at  the  ground  station.  The  high-gain  antenna  inherently  has  a  pencil  beam  making 
it  necessary  to  track  the  balloon  signal  continuously.  The  noise  at  UHF  frequen¬ 
cies  is  less  than  at  VHF.  Noise  at  lower  frequencies  results  from  atmospheric 
noise  up  to  50  MHz,  man-made  noise  up  to  200  MHz  and  cosmic  noise  up  to  300 
MHz.  At  the  higher  frequencies  noise  will  be  reduced  so  that  the  signal-to-noise 
ratio  is  improved  and  dependent,  to  some  extent,  on  the  noise  generated  in  the 
receiver  (Heed  and  Russell,  1966).  The  receiving  equipment  should  have  low  noise 
figures  so  that  the  ground  system  will  operate  with  as  great  a  signal-to-noise  ratio 
as  possible. 


11.2  R  MMO  HORIZON  RANGE 


Range  of  operation  with  UHF,  as  with  VHF,  is  limited  to  radio  horizon  (Reed 
and  Russell,  1966)  distances  as  determined  by  the  heights  of  the  balloon  and  the 
receiving  antenna  on  the  ground.  The  receiving  antenna  height  has  small  signifi¬ 
cance  for  long  range  except  that  it  should  clear  surrounding  objects.  The  direct 
radio-horizon  distance  to  a  balloon  from  a  ground  station  may  be  calculated  by 
means  of  handbook  formula,  D  *  (3h/2)*/2,  where  h  is  in  feet  and  d  is  in  statute 
miles  (Reed  and  Russell,  1966).  The  propagation  range,  which  is  greater  than  the 
tangential  distance  due  to  atmospheric  refraction,  may  be  approximated  by  consi¬ 
dering  the  earth's  radius  to  be  4/3  its  actual  radius.  The  propagation  distance  is 
then  approximated  by  D  ■  (2h)^2.  A  more  accurate  calculation  of  the  maximum 
propagation  distance  may  be  made  by  using  an  empirical  formula  for  the  index  of 
refraction  of  the  atmosphere  (Bean  and  Dutton,  1966;  and  Reed  and  Russell,  1966). 
Computer  calculations  have  been  made  by  NCAR  using  this  method  for  the  atmos¬ 
pheric  refractlvtty,  maximum  ground  distance  and  slant  range  and  elevation  angle 
error  for  various  balloon  altitudes,  and  line  of  sight  elevation  angles  for  each 
month  of  the  year  at  Palestine,  Texas.  The  tables  for  the  month  of  February  have 
been  taken  as  typical.  The  maximum  slant  range  to  a  balloon  using  this  method  is 
about  4.  5  percent  less  than  that  calculated  by  using  the  4/3  radius  formula. 

Table  11.  1  gives  the  radio-horizon  range  in  both  statute  miles  and  nautical 
miles  for  balloons  at  several  altitudes. 

Because  of  the  problems,  mentioned  above,  in  converting  to  UHF  telemetry, 
a  careful  selection  of  equipment  for  evaluation  was  made.  In  order  to  assemble  a 
system  which  could  use  a  low -power  balloon-borne  transmitter,  emphasis  was 
placed  on  low -noise  receiving  equipment  and  an  antenna  with  reasonable  high  gain 
consistent  with  cost  and  complexity. 

Signal  power  level  calculations  were  made  in  order  to  establish  the  desired 
performance  features  of  the  equipment.  Marginal  signal  conditions  during  a 
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Table  11.  1.  R^aio-horizon  Range  for  Balloons  at  Various  Altitudes 


Balloon  Altitude 
kilofeet 

Maximum  Range 

Statute  Miles 

Nautical  Miles 

80 

400 

347 

90 

425 

369 

100 

448 

389 

110 

470 

408 

120 

491 

426 

130 

510 

442 

140 

530 

460 

150 

549 

476 

balloon  flight  generally  occur  when  the  range  approaches  the  radio  horizon.  Even 
though  there  may  be  adequate  signal-to-noise  ratio  during  most  of  many  flights  it 
is  believed  desirable  to  emphasize  receiving  equipment  with  low  noise  figures  for 
a  better  margin  of  safety. 


11.3  RECEIVER  NOISE  CONSIDERATIONS 

The  ability  of  a  telemetry  receiver  to  detect  the  presence  of  a  stgiSii  is  funda* 
mentally  limited  by  the  presence  of  noise.  If  there  were  no  noise  present  in  the 
receiver,  it  would  be  possible  to  detect  any  small  signal,  by  providing  the  receiver 
with  sufficient  gain.  Since  noise  is  always  present,  amplification  in  the  receiver 
amplifies  noise  as  well  as  the  desired  signal.  Sources  of  noise  within  a  receiver 
are:  (1)  thermal  noise  caused  by  the  random  motion  of  electrons  in  a  conductor; 

,’2)  shot  no.be  caused  by  the  nonuniform  rate  at  which  electrons  are  emitted  from 
the  cathode  of  a  vacuum  tube  and  collected  on  the  plate;  (3)  partition  noise  caused 
by  the  division  of  current  in  a  multielement  vacuum  tube;  (4)  induced  grid  noise 
caused  by  the  collection  of  electrons  on  the  grid  of  a  vacuum  tube  which  modulates 
the  plate  current;  (5)  crystal  noise  caused  by  thermal  noise,  shot  noise  and  flicker 
noise  in  the  semiconductor;  and  (6)  transistor  notse  which  is  closely  related  to 
crystal  noise. 

Thermal  noise  Is  a  great  contributor  to  the  overall  noise  in  a  receiver.  It  is 
caused  by  the  random  motion  of  electrons  in  the  conductors  and  circuit  components 
of  resistance,  R,  and  at  absolute  temperature,  T,  in  degrees  Kelvin.  The  mean 
square  value  of  the  electrical  noise  voltage  ts  (Lawson  and  Uhlenbeck,  1950;  and 
Nyqulat,  1938): 
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e4  *  4HkTbn  (11.1) 

•23 

where  k  ■  Boltzmann’s  constant  *  1.  38  *  10  joule/deg. 

Bn  ■  noise  bandwidth. 

rhe  noise  generated  by  a  conductor  at  a  temperature,  T,  may  be  represented 
by  a  resistance,  R,  in  series  with  a  mean-square  noise  voltage  as  given  in  Eq. 

(11.  1).  According  to  Thevenin's  theorem,  maximum  power  transfer  occurs  when 
the  source  Impedance  and  load  impedance  are  conjugates.  In  this  case,  the  optimum 
load  impedance  is  R,  and  the  maximum  noise  power  transferred  to  the  load  is 

? /4R.  or 


Maximum  available  noise  power  ■  kTBn.  (11.2) 

This  noise  is  known  as  thermal  noise  because  of  its  dependence  on  temperature, 
T.  It  is  also  known  as  white  noise  or  Johnson  noise  (Frits,  1944;  and  Skolnik,  1962). 

An  "ideal"  receiver  adds  no  noise  to  the  signal  being  amplified;  however,  a 
practical  receiver  will  generate  noise  to  some  extent.  The  measure  of  the  noise 
generated  by  a  practical  receiver  compared  with  that  of  an  ideal  receiver  is  called 
the  noise  factor.  The  noise  factor.  F.  of  a  linear  system  is  defined  as 


VNin 
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out'  ‘out 


Nout 


(11.3) 


where  the  gain.  G.  is  equal  to  sout/S^  and  the  input  noise,  l*1^.  is  equal  to  kTBR. 

The  noise  factor  of  the  receiver  may  be  considered  as  the  degradation  of  the  signal- 
to-noise  ratio  by  the  receiver.  When  the  noise  factor,  F.  is  expressed  in  db  it  is 
called  the  noise  figure.  NF,  where  NF  *  10  log  F. 

Since  the  output  noise  of  a  receiver  is  die  amplified  input  noise,  kTB^G,  plus 
the  additional  noise,  ON,  generated  in  the  receiver  the  noise  factor  can  be  written 


F 


kTB  G  ♦  ON 

*  — kTB‘n7T'  ’ 


l  ♦ 


ON 

Trans 


(11.4) 


To  standardise  the  definition  of  i«oise  factor  the  Institute  of  Radio  Engineers 
specifies  that  a  temperature  of  Tc  ■  290°K,  which  is  near  room  temperature,  be 
used  for  the  calculation  of  the  noise  factor  (Skolnik,  1962). 
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Figure  11.  1  shows  two  networks 
(amplifiers)  in  series.  They  have  the 
same  noise  bandwidth,  Bj,,  but  different 
noise  factors  and  gains.  Using  Kq. 
(11.3),  the  output  noise,  N0,  from  both 
networks  is, 


I  Fi  G.  B. 


h  G2  8„ 


Figure  11.  1.  Two  Networks  in  Series 
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F  G  G„kT  B 
o  1  2  on 


*  noise  from  network  1  at  output  of  network  2 
+  noise,  A^.  introduced  by  network  2 


(11.  5) 


where  F  is  the  overall  noise  factor, 
o 


F  G,G„kT  B  »kT  B  F.G.G..  +  AN„  =  kT  B  F.G.G..  +  (F  -  l)kT  B  G„ 
ol2on  o  n  1  1  2  2  o  n  1  1  2  2  o  n  2 


(11.6) 
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If  the  gain  of  the  first  amplifier  is  large,  the  contribution  of  the  second  network  to 
the  oveiall  noise  factor  is  small. 

The  use  of  the  noise  factor  is  not  as  convenient  for  low -noise  receivers  as  is 
the  effective  noise  temperature.  T  .  From  Eq.  (11.4)  the  noise  factor  is 
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AN 

ET-B"C 

o  n 


(11.4) 


where  AN  is  the  noise  introduced  by  the  amplifier  or  receiver  itself.  The  effec¬ 
tive  noise  temperature  is  defined  as  that  temperature.  Te,  at  the  input  of  the 
receiver  which  would  account  for  the  noise.  AN.  at  the  output,  therefore 
AN  •  kT  B  G  and 

t  fl 


kT  BC 

T 

•  Q 

ETB'C 

“»♦  T 

(11.8) 

o  n 

0 

»v 
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The  effective  noise  temperature  of  an  ideal  receiver  Is  aero  degrees.  By 
using  Eq.  (11.  8)  it  can  be  shown  that  the  effective  noise  temperature  of  N  networks 
in  cascade  is 
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(11.  10) 


If  a  receiver  has  low  noise-high  gain  input  stages,  the  noise  contribution  from 
external  sources  may  be  significant  as  compared  with  noise  generated  within  the 
receiver.  Noise  from  external  sources  which  may  enter  the  receiver  along  with 
the  signal  through  the  antenna  includes  cosmic  noise,  solar  noise,  atmospheric 
and  man-made  noise  and  atmospheric  absorption  noise  (Skolnik,  1962). 

From  black  body  radiation  theory  it  is  known  that  any  body  which  absorbs 
energy  radiates  the  same  amount  of  energy  that  is  absorbed  (Lawson  and  Uhlenbeck, 
1950).  A  lossy  transmission  line  absorbs  a  certain  amount  of  energy  and  transmits 
it  as  noise.  The  same  is  true  of  the  atmosphere.  Consider  an  absorbing  atmos¬ 
phere  of  temperature,  Ta,  surrounded  by  an  imaginary  black  body  at  the  same 
temperature.  The  loss,  L,  is  the  ratio  of  input  to  output  energy  of  a  signal  passing 
through  the  atmosphere.  The  noise  power  available  over  a  bandwidth,  Bn,  from 
the  imaginary  black  body  is  kT  B  .  After  passing  through  the  atmosphere  the 

noise  power  available  is  kT  B  /L.  The  difference  between  these  two  is  kT  B  (1  -i.) 

«  n  £i  n  jl< 

and  is  equal  to  the  noise  power,  AN,  radiated  by  the  atmosphere. 


AN  «  kT  B  G 
e  n 


kT  B  /L  =  kT  B 
e  n'  an 


(11.  11) 


T  =  T  (L  -  1). 
e  a 


(11.  12) 


Losses  in  radio-frequency  hardware  such  as  transmission  lines,  antenna  or 
duplexer  result  in  noise;  thus,  a  lossy  component  may  be  assigned  a  noise  factor 
or  an  effective  noise  temperature.  The  effective  noise  temperature  may  be  derived, 
as  above,  for  a  lossy  atmosphere,  or  it  may  be  derived  by  using  Eqs.  (11.  3)  and 
(11.  8).  From  Eq.  (11.  3),  the  noise  factor  may  be  expressed  as 
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where  Ta  is  set  equal  to  the  ambient  temperature.  The  noise  output  from  a  lossy 
component  is  kTaBn  and  G  *  l/L,  therefore  F  ■  L  ■  l/G.  From  Eq.  (11.9), 


Te  »  (F  -  l)Ta  *  <L-l)Ta  . 


(11.  13) 
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A  receiving  system  has  an  effective  noise  temperature,  Te,  as  well  as  an 
overall  noise  factor,  FQ.  If  a  lossy  transmission  line  with  temperature,  Ta,  and 
loss  L  is  connected  to  a  receiver  with  effective  noise  temperature,  Trec,  the 
effective  noise  temperature  of  the  combination  using  Eq.  (11.  10)  is 

Tes(L-  1)Ta  +  LTrec‘  <»•  14> 

If  T„  is  the  standard  temperature,  T_,  and  F„^  =  1  +  T  /T 
a  °  rec  rec  o 


Te  =  (LF  -  l)To  . 


(11.  15) 


The  overall  noise  factor  of  a  receiver  and  a  lossy  transmission  line,  from  Eqs. 
(11.8)  and  (11.  15)  is  Fq  =  FL. 

In  general  the  contributions  to  the  total  effective  noise  temperature  of  a  system 
may  be  divided  into  three  categories:  (1)  the  effective  space  noise  temperature, 

(2)  the  effective  noise  temperature  contributions  due  to  RF  lossy  components  and  (3) 
the  effective  noise  temperature  of  the  receiver  itself  (Skolnik,  1962).  The  space 
noise  temperature  consists  of  cosmic  noise  and  atmospheric  noise  which  is  com¬ 
posed  of  an  ionospheric  component,  an  oxygen  component  and  a  water  vapor  com¬ 
ponent. 

The  noise  which  appears  at  the  antenna  terminals  enters  by  the  side  lobes  as 
well  as  the  main  beam.  When  using  the  antenna  at  low  elevation  angles,  the  side 
lobe  noise  can  be  greater  than  that  from  the  main  beam.  This  is  because  land  is 
a  complete  absorber,  hence  if  the  antenna  radiation  pattern  illuminates  the  ground, 
it  sees  noise  at  the  ambient  temperature.  The  antenna  temperature  for  elevation 
angles  between  zero  and  10°  ranges  from  50°K  to  100°K  (Gruenberg,  1967;  Jordan 
and  Baldmain,  1968;  Skolnik,  1962;  and  Stiltz,  1961). 


Figure  11.2.  Telemetry  Receiving 
System 


Suppose  we  have  a  telemetry  receiv¬ 
ing  system  as  pictured  in  Figure  11.2. 

The  effective  temperature  of  the  system 
is  given  by  Eq.  (11.  lu),  and  if  Eq.  (11.  12) 
is  used  for  the  effective  temperature  of 
the  transmission  lines,  the  total  expres¬ 
sion  for  the  above  system  is 
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Since  the  overall  noise  factor,  F0,  of  the  receiver  preceded  by  a  transmission 
line  with  losses,  L,  is  F0  *  FL,  the  effect  of  the  attenuation  of  one  decibel  in  line  2 
is  negligible  in  its  overall  effect  on  the  receiver-preamplifier  noise  factor.  For 
this  reason  the  preamplifier  is  located  near  the  antenna.  If  the  attenuation  of 
line  1  is  considered  when  calculating  the  effective  temperature  of  the  system,  it 
will  add  to  the  receiver  noise  level  by  the  amount  of  the  cable  loss.  Since  the  re¬ 
ceiver  system  was  calibrated  at  the  amplifier  input,  the  cable  loss  can  be  consi¬ 
dered  as  part  of  the  losses  between  the  transmitter  and  receiver  input.  The  effec¬ 
tive  temperature  is 


(11.  17) 


(11. 18) 


T  •  T 
e  o 


(11.  19) 


The  total  noise  power  in  watts  is  given  by  N  »  kTeBn>  therefore 


N  -  kB  T 
n  o 


(11.20) 


where 

k  Boltzmann's  constant.  1.  38  x  10*23  joule/°K 

g 

B  Receiver  noise  bandwidth,  0.  3  x  10  Hz 
n 

Tq  Reference  temperature,  290°K 

Ta  Noise  temperature  of  the  antenna  (worst  case  when  Ta  *  T0;  typical  case, 
Ta  ■  50°K  to  100°K  from  oxygen  and  water  vapor  when  at  low  elevation 
angles)  (Jordan  and  Baldmain,  1968;  and  Stiltz,  1961). 
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Equation  (11. 20)  may  be  rewritten  to  express  the  noise  in  dbm  (db  below  one 
milliwatt)  for  Ta  »  f0. 

kT  B 

N  =  10  log  — +  10  log  Fn  .  (11.21) 

lxlO'13 

Equation  (11.21)  is  separated  into  two  parts  to  show  the  effect  of  variation  of 
the  overall  receiver  noise  factor.  The  noise  contributed  by  the  first  half  of  Eq. 

(11.  21)  is  -119. 2  dbm.  This  will  be  less  negative  by  an  amount  contributed  by  the 
noise  figure,  NF,  of  the  receiving  system.  From  Eq.  (11.7),  the  noise  factor  of 
the  system  is 


Fo  *  F1  + 


(11.7) 


where  F  and  G  are  expressed  as  ratios  and  the  noise  figure  is  10  log  FQ. 


11.4  EQUIPMENT  SELECTION 

There  are  two  alternatives  in  selecting  receiving  equipment  for  UHF  telemetry. 
Since  most  organizations  already  possess  VHF  receivers,  it  is  cheaper  to  buy  a 
dw.vn-converter  to  convert  UHF  to  VHF,  provided  the  VHF  receivers  have  the 
desired  IF  and  data  bandwidth  capabilities  to  be  used  with  UHF.  The  other  alter¬ 
native  involves  the  use  of  a  UHF  tuner  and  a  UHF  preamplifier.  The  down-conver¬ 
ter  or  the  preamplifier  should  be  connected  aB  near  the  antenna  as  possible.  NCAR 
purchased  an  Aertech  down-converter  and  a  Melabs  parametric  amplifier  with  the 
plan  to  use  the  better  of  the  two  systems  at  the  launch  station  and  the  other  at  a 
downrange  station.  A  transistor  amplifier  was  also  obtained  for  evaluation  with 
the  UHF  receiving  configuration.  Specifications  for  all  equipment  are  given  at  the 
end  of  this  paper. 

The  Aertech  Down  Converter,  shown  in  Figure  11.  3,  consists  of  an  Aertech 
Model  T4604  tunnel  diode  amplifier  (TDA)  with  a  noise  figure  of  3.  7  db  and  a  gain 
of  12  db,  an  Aertech  Q4207  mixer -amplifier  with  a  noise  figure  of  9  db  and  gain  of 
20  db,  and  a  MG  Microwave  local  oscillator.  The  overall  noise  figure  of  the  con¬ 
verter  is  less  than  4. 7  db  and  the  RF  to  IF  gain  is  24.  5  db. 

The  Melabs  parametric  amplifier  consists  basically  of  two  tuned  circuits 
coupled  by  a  varactor  diode,  a  pump  (microwave)  frequency  source  and  a  circulator 
to  separate  the  input  and  output  signals.  It  is  unlike  conventional  amplifiers  in  that 
It  converts  RF  power  at  one  frequency  to  RF  power  at  another  frequency,  rather 


than  convert  DC  power  to  RF  power.  The  varactor  diode  is  a  reactive  device  act¬ 
ing  as  a  variable  capacitor  and  has  amplification  with  less  noise  generation  than  in 
conventional  amplifiers.  This  particular  model  has  a  noise  figure  of  two  db  and  a 
gain  of  20  db.  A  photograph  of  the  parametric  amplifier  is  shown  in  Figure  11.4. 

The  Mu-Del  amplifier  is  a  solid  state  unit  consisting  of  three  common- emitter 
transistor  stages  wired  into  a  hybrid  integrated  circuit  microstrip  package.  It  has 
a  noise  figure  of  3.  3  db  and  a  gain  of  28  db.  It  is  small,  lightweight,  has  low  power 
consumption  and  is  rather  inexpensive.  A  photograph  is  shown  in  Figure  11.  5. 

'Fable  11.  2  shows  noise  figures  fcr  various  receiving  combinations  using  a 
DEI  711  receiver  and  an  L-Band  tuner  with  a  noise  figure  of  11  db  (noise  factor  = 

12.  6)  and  a  noise  figure  of  7  db  when  used  with  a  VHF  tuner. 


Table  11.  2.  Noise  Figures  ior  Various  Receiving  Combinations 


Preamplifier 

NF  (db) 

F 

Gain  (db) 

Fo 

NF  (db) 

Melabs 

2 

1.  59 

20 

1.706 

2.32 

Mu-Del 

2.5 

2.24 

28 

2.26 

3.54 

Aertech 

4.7 

2.97 

25 

2.98 

4.74 

A  calibration  chart  for  the  four  receiving  system  configurations  is  shown  in 
Figure  11.  6.  These  curves  represent  signal  level  values  in  db  as  read  on  a  front 
panel  signal  strength  meter  in  terms  of  signal  input  in  dbm.  The  receiver  noise 
level  is  adjusted  for  a  meter  reading  of  zero  with  a  50  ohm  dummy  load  at  the 
receiver  input.  The  other  calibration  curves  are  made  with  the  respective  ampli¬ 
fiers  or  converter  after  the  receiver  has  been  adjusted  as  described.  The  various 
noise  levels  are  shown.  It  can  be  seen  on  this  diagram  that  the  Melabs  parametric 
amplifier  has  the  best  sensitivity.  The  output  of  the  calibrated  signal  strength 
monitor  on  the  receiver  la  recorded  on  a  strip  chart  for  each  flight. 

The  transmitter  purchased  for  evaluation  with  the  UHF  system  is  a  Teledyne 
Model  TR 1402.  It  develops  a  minimum  of  2  watts  of  RF  power  with  an  efficiency 
of  10%.  It  la  a  true  FM  transmitter  operating  in  the  UHF  L-Band.  A  photograph 
of  the  transmitter  with  an  airborne  antenna  is  shown  in  Figure  11. 

The  tracking  antenna  selected  for  the  UHF  evaluation  system  consists  of  an 
Andrew  Corp.  Model  38500  positioner  with  an  8-foot  diameter  mesh  paraboloid 
reflector.  It  has  a  gain  of  29  db  over  an  isotropic  radiator.  The  positioner  will 
control  the  antenna  between  elevation  limits  of  -10°  to  +190°,  and  azimuth  up  to 
400°.  The  rotation  speed  is  one  degree  per  second.  A  remote  control  unit 
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Figure  11.  5.  Mu-Del  Transistor  Amplifier 


Figure  11. 6.  Calibration  Curves  for  Receiving  Systems 


contains  switches  for  controlling  the  azimuth-elevation  motors,  and  dials  for  indi¬ 
cating  azimuth  and  elevation  angles.  A  photograph  of  the  antenna  is  shown  in 
Figure  11.  8. 

The  8-foot  diameter  antenna  was  chosen  rather  than  the  more  conventional 
6-foot  diameter  dish  because  of  the  added  3  db  signal  power  gain.  This  is  equiva¬ 
lent  to  doubling  the  power  at  the  transmitting  source.  Vertical  polarization  is  used 
on  the  balloon  as  well  as  with  the  tracking  antenna.  Circular  polarization  was 
considered  but  rejected  as  being  unnecessary  for  balloon  telemetry  applications. 
Vertical  polarization  is  easier  to  accomplish  at  both  ends  of  the  radio  link. 

Three  kinds  of  airborne  antennas  have  been  used  with  the  UHF  system.  One 
is  an  Andrew  Corp.  ground  plane  antenna  Model  T55070-14.  It  is  designed  for  high 
speed  aircraft  installation  but  performs  well  when  mounted  to  a  one-foot  diameter 
metal  disc.  Another  is  a  coaxial  or  sleeve  antenna.  The  most  preferred  type  is 
a  modified  ground  plane  as  shown  with  the  transmitter  in  Figure  11.  7.  This  antenna 
is  shop-made  and  consists  of  a  truncated  conical  skirt  with  a  total  enclosed  angle 
of  60  degrees  and  a  quarter-wave  radiator.  All  three  antennas  provide  good  50 
ohm  terminations  and  flight  tests  have  shown  no  appreciable  difference  in  received 
signal  level.  All  airborne  antennas  are  assumed  to  have  a  horizontal  gain  of  2  db 
over  an  isotropic  radiator. 

A  block  diagram  of  the  UHF  telemetry  system  is  shown  in  Figure  11.  9. 


11.3  SIGNAL  POIEH  LEVEL  CALCl I.ATIONS 

Figure  11.  10  illustrates  the  power  levels  at  different  points  in  the  radio  fre¬ 
quency  link.  The  power  level  is  plotted  in  decibels  relative  to  one  milliwatt  (dbm). 
The  transmitter  power  is  three  watts  or  +35  dbm.  This  is  represented  by  the 
plateau  on  the  left  side  of  the  diagram.  The  transmission  cable  loss  from  the  trans¬ 
mitter  to  the  balloon  antenna  is  one  db  while  the  antenna  gain  is  two  db.  The  free 
space  loss  for  a  range  of  400  nautical  miles  trad  is  153  db  based  on  the 

formula 


L  •  30  log  (4tR/X )  (11.22) 

where  X  is  the  wavelength  and  R  is  expressed  in  meters.  The  atmospheric  loss 
caused  primarily  by  oxygen  and  water  vapor  Is  approximately  one  db  per  100 
nautical  miles  (Bean  and  Dutton,  1966;  and  Gruenberg,  1967).  The  signal  level  is 
increased  by  29  db  with  the  8-toot  paraboloid  antenna  and  one  db  is  lost  in  the 
antenna  pedestal  and  associated  cabling.  The  resultant  plateau  of  -93  dbm  repre¬ 
sents  the  signal  at  the  preamplifier  or  converter  input  terminals. 


Figure  11.7.  Teledyne  Transmitter  and  Modified  Ground  Plane  Antenna 


Figure  11.8.  Andre*  Tracking  Antenna 
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On  the  lower  left  side  of  the  diagram,  the  receiver  noise  contributed  by  the 
temperature-bandwidth  factors  is  represented  by  the  -119  dbm  level.  The  noise 
figure  contribution  is  shown  by  four  steps  which  represent  the  noise  figures  of 
2.32,  3.51,  4,74  and  11  db  for  the  parametric  amplifier,  transistor  amplifier, 
down-converter  and  receiver  alone,  respectively.  The  dashed  lines  represent  the 
four  signal-to-noise  ratios  with  th*1  four  receiving  configurations.  It  can  be  seen 
that  the  amplifier  with  the  lowest  noise  figure  provides  the  greatest  signal-to-noise 
ratio.  In  this  diagram  the  highest  signal-to-noise  ratio  using  an  amplifier  or  con¬ 
verter  is  23.  7  db.  This  provides  a  margin  of  safety  because  9  to  12  db  is  consi¬ 
dered  adequate  for  FM/FM  telemetry,  and  13  db  for  PCM/FM  with  an  error  proba¬ 
bility  of  one  bit  in  105  bits  (Gruenberg,  1967;  and  Stiltz,  1961).  if  the  UHF  re¬ 
ceiver  were  used  without  a  preamplifier,  the  signal-to-noise  ratio  is  15  db  which 
is  quite  marginal. 


11.6  TEST  RESULTS 

Four  recent  balloon  test  flights  have  been  made  with  UHF  telemetry.  Signal 
strength  measurements  have  been  of  primary  interest;  however,  the  data  handling 
capability  has  been  checked  in  many  cases.  On  most  flights,  VHF  telemetry  was 
used  as  the  prime  FM/FM  data  link  for  other  experiments;  however,  it  was  proven 
that  UHF  would  have  performed  equally  as  well. 


11.7  BALLOON  FLIGHT  487-P 

This  was  the  first  of  the  series  of  test  flights  for  UHF  telemetry  equipment 
evaluation.  Arrangements  were  made  to  test  every  conceivable  configuration  of 
UHF  equipment  available  at  the  ground  station  and  on  the  balloon.  The  balloon  was 
equipped  with  the  Teledyne  3 -watt  transmitter  as  the  primary  signal  source.  A 
Ball  Brothers  transistor-cavity  (0.  25  watt)  transmitter  was  also  flown  to  see  the 
effects  of  11  db  reduction  in  power.  The  3-watt  transmitter  could  be  loaded  into 
two  separate  antennas  by  means  of  a  coaxial  switch.  One  antenna  was  the  shop- 
made  modified  ground  plane  and  the  other  was  the  Andrew  ground  plane  aircraft 
antenna.  The  low  power  transmitter  was  loaded  into  the  coaxial  antenna. 

At  the  launch  site  ground  Btation,  arrangements  were  made  to  use  conveniently 
the  parametric  amplifier  or  the  down  converter  at  the  antenna.  The  transistor 
preamplifier  was  not  available  at  this  time.  A  roof-mounted  ground  plane  antenna 
was  made  available  to  receive  the  signal  in  lieu  of  ustng  the  parabola  when  at  close 
range.  This  would  reduce  the  tracking  efforts  in  case  signal  acquisition  became 
difficult.  A  strip-chart  recorder  was  used  for  recording  signal  levels  from  the 


receiver.  The  receiving  systems  were  calibrated  with  a  Hewlett-Packard  Model 
6 14  signal  generator. 

A  VHF  FM/FM  telemetry  system  was  used  for  the  flight  to  convey  the  flight 
data.  It  had  subcarrier  oscillators  for  magnetic  aspect  sensors,  iow-bit-rate 
PCM,  command  decoder  monitor,  altitude  transducer,  voice  relay  channel  and  a 
JPL  high-bit-rate  PCM  data  encoder.  The  subcarrier  channels  modulated  the  VHF 
transmitter  continuously,  and  modulated  the  UHF  transmitter  under  certain  condi¬ 
tions. 

In  order  to  get  information  about  bit  error  rates  using  the  UHF  system  for 
balloon  telemetry,  a  high-bit-rate  PCM  data  encoder  was  flown.  This  encoder 
was  provided  by  the  Jet  Propulsion  Laboratory  (JPL)  of  the  California  Institute  of 
Technology.  JPL  was  a  large  contributor  to  the  implementation  of  the  flight.  The 
PCM  encoder  was  developed  for  the  sole  purpose  of  doing  bit  error  studies  under 
test  flight  operational  conditions.  The  encoder  generates  a  64-word  frame  of  16 
bit  words.  There  are  two  unique  words,  a  frame  sync  word  and  a  common  word  to 
complete  the  frame. 

The  PCM  encoder  could  be  ground-commanded  to  operate  at  kilobit  rates  of 
4,  8,  16,  64  and  80.  'Die  64  kbps  and  the  80  kbps  rates  directly  modulated  the  UHF 
transmitter  while  the  other  rates  were  used  to  modulate  a  channel  E  subcarrier 
oscillator.  The  three  lower  bit  rates  deviate  the  channel  E  subcarrier  with  modu¬ 
lation  indices  of  5.25,  2.63  and  1.31,  respectively.  The  UHF  transmitter  deviation 
was  500  kHz.  The  16  kbps  rate  was  used  for  most  of  the  flight.  This  represents 
the  worst  case  signal-to-noise  condition  we  would  expect  to  use. 

During  the  flight,  several  equipment  configurations  were  arranged  and  are 
listed  as  follows: 

A  -  Parabolic  receiving  antenna  with  parametric  amplifier  and  3-watt  balloon 
transmitter. 

B  -  Ground  plane  receiving  antenna  with  no  preamplifier  and  3 -watt  balloon 
transmitter. 

C  -  Ground  plane  receiving  antenna  with  parametric  amplifier  and  3-watt 
balloon  transmitter. 

D  -  Ground  plane  receiving  antenna  with  parametric  amplifier  and  2. 5-watt 
balloon  transmitter. 

E  -  Parabolic  receiving  antenna  with  parametric  amplifier  and  0. 25-watt 
balloon  transmitter. 

F  -  Parabolic  receiving  antenna  with  down-converter  and  0.25-watt  balloon 
transmitter. 

G  -  Parabolic  receiving  antenna  with  down-converter  and  3-watt  balloon 
transmitter. 


Figure  11.  11  shows  signal  power  level  vs  balloon  range  for  flight  487-P.  The 
free  space  signal  power  line  represents  the  signal  into  a  50-ohm  load  one  would 
expect  from  a  3-watt  transmitter  and  a  2  db  antenna  on  the  balloon  and  a  29  db 
antenna  on  the  ground.  Total  cable  losses  are  2  db.  The  signal  power  is  attenuated 
by  the  atmosphere  by  approximately  one  db  per  100  nauticals  miles  (Bean  and 
Dutton,  1966;  and  Gruenberg,  1967).  This  is  shown  by  the  available  signal  power 
curve. 

The  actual  signal  curve  is  broken  into  segments  according  to  the  legend  above. 
The  points  on  the  curve  represent  conveniently  selected  points  for  plotting  and  do 
not  represent  all  of  the  signal  fluctuations.  Since  this  graph  is  quite  compressed 
in  range,  actual  signal  variations  would  create  a  broad  trace  on  the  graph  and 
would  make  it  difficult  to  read.  The  fluctuations  are  caused  by  gondola  rotation, 
variations  in  atmospheric  attenuation  properties  such  as  refraction,  absorption, 
reflection,  and  ducting  and  interference  (Reed  and  Russell,  1966).  Segments  A 
and  G  represent  typical  equipment  configurations,  and  both  A  and  G  will  represent 
the  optimum  signal  level  available.  The  noise  levels  shown  at  the  bottom  of  the 
graph  are  different  for  the  two  configurations.  Segments  E  and  F  should  be  11  db 
lower  than  A  and  G  because  of  the  transmitter  being  11  db  below  the  3-watt  trans¬ 
mitter.  Only  a  slight  difference  could  be  seen  in  the  signal  level  during  flight, 
when  the  3-watt  transmitter  was  changed  from  the  modified  ground  plane  antenna 
to  the  Andrew  ground  plane  antenna.  The  shop-made  modified  ground  plane  was 
about  one  db  better  at  the  range  where  the  comparison  was  made.  This  may  have 
been  a  result  of  differences  in  radiation  patterns  of  the  two  antennas. 

All  signal  level  data  runs  a  few  db  less  than  the  expected  level.  This  is  prob¬ 
ably  because  of  the  inaccuracies  in  measurements  and  in  not  knowing  some  of  the 
exact  equipment  parameters,  such  as  antenna  gains,  cable  losses,  etc.  Care  was 
taken,  however,  with  equipment  calibration.  Under  the  circumstances,  it  is  be¬ 
lieved  that  a  reasonable  agreement  between  theoretical  and  actual  signal  level 
measurements  was  obtained. 

At  the  ground  station,  the  PCM  data  from  the  JPL  encoder  was  recorded  on 
an  analog  tape  recorder  for  the  purpose  of  storage  and  playback.  It  was  not  con¬ 
venient  to  record  on  computer  compatible  tape  during  this  operation.  The  analog 
tape  was  later  played  back  through  an  EMR  185  PCM  decommutator  and  a  PDP/4 
computer.  The  computer  was  programmed  to  detect  any  errors  in  the  common 
word  and  to  print  each  frame  sync  word  and  any  errors  that  occurred  in  that  frame 
of  63  additional  common  words.  Tape  was  played  back  for  10-minute  sampling 
intervals  and  the  first  portion  of  the  flight  was  very  free  of  errors.  The  bit  error 
from  launch  to  260  NM  averages  5. 74  x  10®  bits  per  error.  From  260  NM  to 
360  NM  it  ranged  from  1  x  105  to  2  x  10®  bits  per  error.  After  360  miles  the  data 
became  erratic  and  it  was  difficult  to  obtain  good  bit  error  data.  The  signal-to- 
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noise  ratio  at  this  range  was  about  10  db;  however,  the  radio  horizon  was  being 
approached  and  the  signal  was  becoming  erratic.  The  64  kbps  and  the  80  kbps 
rates  were  tested  at  the  marginal  signal  range  with  no  success  because  of  low 
signal-to-noise  ratio.  The  same  was  true  for  the  4  kbps  and  8  kbps  rates.  The 
signal  was  lost  at  400  nautical  miles. 


11.8  BALLOON  FLIGHT  S03-P 

The  parametric  amplifier  was  not  available  for  this  flight,  which  left  the  down- 
converter  the  only  UHF  receiving  equipment  thatcould  be  used.  The  airborne  equip¬ 
ment  consisted  of  the  3-watt  Teledyne  transmitter  and  a  185  milliwatt  Microcom 
Corp.  Transmitter.  The  signal  from  the  3-watt  transmitter  was  radiated  by  a 
modified  ground  plane  antenna  and  a  coaxial  (sleeve)  antenna  with  3  db  attenuation 
in  the  transmission  line.  The  antennas  were  transferred  by  a  coaxial  switch.  The 
attenuator  was  used  to  show  the  effects  of  cutting  the  transmitter  power  in  half. 

The  low  power  transmitter  was  used  to  illustrate  the  results  of  using  a  signal  12  db 
below  the  3-watt  transmitter.  It  used  the  Andrew  ground  plane  antenna. 

The  3 -watt  transmitter  was  modulated  by  a  channel  H  subcarrier  oscillator 
which,  in  turn,  was  modulated  by  square  wave  signals  from  a  multivibrator  with 
commandable  frequencies  of  4.  5  kHz,  9.  1  kHz  and  23.  5  kHz  with  subcarrier  modu¬ 
lation  indices  of  5,  2.5  and  1  respectively.  The  multivibrator  was  used  in  lieu  of 
a  PCM  signal  for  this  test. 

Other  electronic  instrumentation  equipment  was  tested  on  this  balloon  flight, 
such  as  a  new  PCM  command  system  and  a  digital  timer.  A  long-range  flight  was 
desired  but  could  not  be  achieved  because  of  early  termination  due  to  an  undesir¬ 
able  trajectory.  This  prevented  the  balloon  from  reacning  the  radio  horizon,  there¬ 
fore,  marginal  signal  conditions  could  not  be  examined. 

Figure  11.  12  shows  signal  power  level  vs  range  for  flight  505-P.  Since  this 
graph  includes  the  results  of  flight  523-H,  the  signal  level  for  this  flight  is  shown 
with  a  solid  line.  The  available  signal  power  line  with  the  3  db  drop  is  also  a  solid 
line.  Segment  A  is  the  unattenuated  signal  from  the  modified  ground  plane.  Seg¬ 
ment  B  is  the  attenuated  portion.  The  Microcom  low  power  transmitter  was  turned 
on  early  in  the  flight  and  shown  by  segment  E.  This  segment  is  approximately 
12  db  below  the  3-watt  transmitter  signal  level  as  could  be  shown  by  the  extension 
of  an  average  of  segment  A. 

The  square  wave  modulation  on  the  subcarrier  channel  H  which  modulated  the 
UHF  transmitter  was  examined  at  the  ground  station  during  flight.  No  deterioration 
of  the  signals  was  noted  at  maximum  range,  however,  no  marginal  signals  occurred 
to  degrade  the  pulse  by  increased  noise. 


SIGNAL  POWER  LEVEL,  DBM  SIGNAL  POWER  LEVEL.  DBM 
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•  The  test  was  successful  in  that  it  showed  that  adequate  signal  strength  is 

$ 

available  for  UHF  telemetry  and  more  experience  was  gained  in  using  UHF  fre¬ 
quencies. 

11.9  BALLOON  FLIGHT  523-H 

The  parametric  amplifier  was  still  unavailable  for  this  flight;  however,  a 
Mu-Del  transistor  amplifier  was  obtained  for  evaluation  and  was  used  throughout 
the  flight.  The  3-watt  transmitter  was  used  on  the  balloon.  Its  output  could  be 
switched  between  two  modified  ground  plane  antennas  one  of  which  had  a  6  db  at¬ 
tenuator  in  the  transmission  line.  FM/FM  flight  data  was  handled  by  a  VHF  sys¬ 
tem  and  the  UHF  system.  The  main  objective  in  the  test  was  to  observe  signal 
levels  during  flight. 

This  flight  was  different  from  all  the  other  test  flights  in  that  it  was  launched 
at  Hobbs,  New  Mexico,  which  is  near  the  radio  horizon  for  a  125K  ft  balloon.  The 
UHF  ground  station  was  at  Palestine,  Texas.  This  meant  that  the  balloon  signal 
should  have  been  at  a  low  level  when  first  acquired.  Due  to  committments  in  man¬ 
ning  other  ground  station  equipment,  the  UHF  signal  was  not  acquired  until  the 
balloon  was  at  250  nautical  miles  range.  The  flight  was  terminated  at  a  point  57 
nautical  miles  from  the  ground  station. 

The  UHF  system  was  used  to  handle  the  flight  data  during  part  of  the  flight. 

The  flight  was  used  to  test  other  equipment  such  as  the  new  PCM  command  system 
and  a  digital  timer  as  well  as  a  new  balloon  design. 

Figure  11. 12  shows  the  signal  power  level  with  dashed  segments  C  and  D. 
Segment  C  is  the  6  db  attenuated  signal  while  segment  D  is  unattenuated.  The  dashed 
available  signal  power  level  is  6  db  below  the  level  for  the  3 -watt  transmitter.  The 
signal  level  for  this  flight  more  nearly  agreed  with  the  theoretical  level  than  for 
other  flights  as  can  be  seen  on  the  graph. 

11.10  BALLOON  FLIGHT  S35-PT 

The  Mu-Del  preamplifier  was  used  almost  exclusively  during  this  flight  in 
order  to  get  continuous  data  without  many  interruptions.  The  parametric  amplifier 
was  connected  for  a  short  duration  test.  The  balloon  UHF  configuration  was  the 
same  as  for  flight  523-H  where  the  3-watt  transmitter  was  switched  between  two 
modified  ground  plane  antennas,  one  with  6  db  attenuation. 

The  flight  was  used  to  test  other  electronic  equipment  as  well  as  a  new  balloon 
>  design.  The  flight  data  could  be  transmitted  by  the  VHF  and  UHF  systems;  however, 
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the  UHF  transmitter  carried  the  FM/FM  telemetry  data  throughout  the  flight.  The 
UHF  transmitter  deviation  was  500  kHz. 

Figure  11.  13  illustrates  the  available  signal  power  at  the  ground  station  amp¬ 
lifier  input  throughout  the  flight.  The  signal  was  lost  at  the  radio  horizon  of  430 
nautical  miles.  The  chart  indicates  adequate  signal  strength  for  all  telemetry 
applications  throughout  the  flight.  The  6-db  attenuator  was  used  at  intervals  during 
the  flight,  and  appeared  on  the  flight  recording  as  one  would  expect,  a  8  db  lower 
signal  level.  No  pronounced  signal  variations  were  noticed  which  could  be  attri¬ 
buted  to  interference  by  the  direct  and  reflected  waves.  This  flight  would  have 
been  the  best  one  to  illustrate  such  variations  since  the  RF  equipment  configuration 
was  almost  unchanged  during  the  flight.  The  directivity  of  the  antenna  tends  to 
reduce  interference  effects.  In  general,  the  test  was  a  smooth  operation  and  the 
UHF  tests  were  quite  successful. 


11.11  SUMMARY  AND  C&NCMJ90NS 

In  order  to  comply  with  the  Military  Communications  Board  Memorandum, 
MCEB-M-92-65,  which  stated  that  all  telemetry  should  occupy  the  UHF  bands  after 
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January  1970,  NCAR  purchased  evaluation  equipment  for  the  L-Band.  Several 
flight  tests  were  made  using  the  UHF  equipment  and  all  were  considered  success¬ 
ful.  Many  variations  of  signal  levels  and  equipment  configurations  were  used  in 
order  to  learn  the  most  about  the  UHF  performance.  The  low  power  and  attenu¬ 
ated  power  conditions  were  flown  to  compare  power  levels  at  the  radio  horizon 
where  the  levels  are  marginal.  It  was  found  that  the  drop-out  was  somewhat  abrupt 
and  no  good  information  in  this  area  could  be  obtained.  Also  since  VHP  was  used 
for  commanding  the  different  signal  source  configurations,  the  command  link  be¬ 
came  marginal  simultaneously  with  the  UHF  signal. 

The  flight  tests  have  shown  that  there  will  be  no  great  problems  in  converting 
to  UHF  telemetry.  More  attention  will  be  necessary  for  tracking  the  antenna 
unless  an  automatic  tracking  system  is  used.  Experience  has  shewn  that  if  the 
tracking  antenna  is  positioned  at  90°  elevation  while  the  balloon  is  in  the  immediate 
area,  no  tracking  is  necessary.  After  the  balloon  is  at  long  ranges,  only  an  occas¬ 
ional  adjustment  is  necessary.  On  several  occasions  the  signal  was  deliberately 
lost  by  directing  the  antenna  away  from  the  signal,  then  reacquired  with  no  diffi¬ 
culties.  The  solution  for  tracking  is  an  automatic  system  such  as  the  Monopulse 
system  but  these  cost  many  thousands  of  dollars. 

All  the  UHF  equipment  is  somewhat  expensive  as  compared  with  VHF  equip¬ 
ment.  An  expensive  parametric  amplifier  was  purchased  for  UHF  evaluation.  How¬ 
ever,  with  lower  cost  units  such  as  the  Mu-Del  amplifier  being  available,  the 
noise  figure  trade-off  hardly  seems  worth  the  extra  cost,  especially  if  repairs  are 
expected.  It  may  be  less  expensive  to  use  down -converters  with  existing  VHF 
receivers,  but  the  IF  bandwidth  and  data  bandwidth  characteristics  should  be  com¬ 
patible  with  the  anticipated  deviation  and  data  requirements.  If  a  receiver  with 
plug-in  capability  is  available,  a  UHF  tuner  with  a  low  noise  preamplifier  is  more 
desirable. 

Aside  from  being  expensive,  the  airborne  transmitters  are  very  inefficient. 

The  one  used  for  these  test  was  approximately  10  perceut  efficient.  It  is  antici¬ 
pated  that  more  efficient  transmitters  will  be  developed  and  hopefully  the  price 
will  be  reduced.  The  extra  input  power  creates  additional  weight  in  the  form  of 
batteries.  It  may  be  possible  to  improve  on  power  consumption  by  using  a  one- 
watt  transmitter.  Flight  tests  indicate  that  this  signal  would  be  adequate. 
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Table  11.3.  Equipment  Specifications 


Aertech  Down  Converter 
Frequency  Range 
IF  Frequency 
Local  Oscillator 
Gain/Ripple 
Noise  Figure 

Power  Input  Source 
Cost 

Melabs  Parametric  Amplifier 
Frequency  Range 
Gain 

Noise  Figure 
Compression 
Power  Input  Source 
Cost 

Mu-Del  Transistor  Amplifier 
Frequency  Range 
Gain 

Noise  Figure 
Power  Requirement 
Size 
Cost 

Teledyne  Telemetry  Transmitter 
Frequency 
Modulation 
Power  Output 
Efficiency 

Deviation  Sensitivity 
Operating  Temperature 
Cost 


Model  C4223 
1435-1540  MHz 
185-290  MHz 
1250  MHz 

24. 5  db/±0.  5  db 

TDA  3.  7  db 
System  4.  7  db 

115  V  ac  or  28  v  dc 

$3350 

Model  APL  3C 
1445  to  1530  MHz 
20  db 
2  db 

1  db  at  -33  dbm 
115  v  ac 
$6475 

Model  MPA  1415 
1435-1540  MHz 
28  db 

3.5  db 

15  volt,  20  ma 
1.  5  x  1.  5  x  6. 25  inches 
$1'00 

Model  TR 1402 
1485.  5  MHz 
True  FM 
Min.  2  watts 
10% 

1  volt  rms  for  500  kHz  dev. 

-20°C  to  +85°C 

$3600 


Ball  Brothers  Research  Corporation 

Tranem  liter  Model  SST  400 

Frequency,  cavity  controlled  (adjustable)  1485.  5  MHz 

Modulation  FM 

Modulation  Sensitivity  1  volt  p-p  for  500  kHz  dev. 
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Table  11.3  (Contd).  Equipment  Specifications 


Ball  Brothers  Research  Corporation 
Transmitter 


te'liii.'.) 


Power  Requirement 
Efficiency 

RF  Power  Output  Nominal 


Model  SST  400 
28  v 
10% 

250  mw 


Microcom  Corp,  Transmitter 
Frequency 
Modulation 

Modulation  Sensitivity 
Power  Output 
Power  Requirement 


Model  T4 
1484.5  MHz 
FM 

1  volt  p-p  for  1  MHz  dev. 
185  mw.  min. 

28  v  dc 


Andrew  Corp.  Antenna  System 
Paraboloid  Diameter 
Frequency 
Polarization 
Gain  Over  Isotropic 
Beam  Width  (3  db) 

Side  Lobes 
Construction 
Control 
Cost 

Andrew  Corp.  Antenna 
Application 
Frequency 
VSWR 

Average  Power  Rating 

Polarisation 

Gain 

Weight 

Coat 


Model  38500 
8  ft 

1485  MHz 
Vertical 
29  db 
6° 

18  db  down  at  12.5° 
Welded  mesh 
Remote 
S8500 

Model  T55070- 14 
Aircraft 
1400- 1500  MHs 
1.3 

50  watts 
Vertical 
5  dbi 
?  os 
1100 
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12.  Airship  and  Balloon  League 
of  the  United  States 


CE.  Rosendahl 
Flag  Point 
Tom*  River,  New  Jersey 


A  non-profit  organization  to  be  known  as  the  AIRSHIP  AND  BALLOON  LEAGUE 
OF  THE  UNITED  STATES  has  been  incorporated  under  the  laws  of  the  State  of  New 
Jersey  with  the  primary  general  purpose  of  the  preservation  of  the  history  of  buoy¬ 
ant  aircraft,  that  is,  airships  and  balloons.  The  incorporators  were  the  author  of 
this  paper  together  with  four  others  who  have  served  in  the  lighter-than-air  organi¬ 
zation  of  the  U.  S.  Navy,  and  now  reside  in  the  general  Lakehurst  vicinity. 

The  purposes  for  which  the  LEAGUE  was  organized  are  as  follows: 

(1)  To  collect  and  preserve  data  pertaining  to  the  preservation  of  the  history 
of  buoyant  aircraft,  the  senior  branch  of  aeronautics. 

(2)  To  provide  and  administer  suitable  display  facilities  and  repository  for 
airship  and  balloon  items  of  historical  significance  and/or  interest  such  as  parts, 
models,  documents,  books,  papers,  publications,  photographs,  clippings,  corres¬ 
pondence,  films,  and  other  articles  and  items  relevant  to  the  history  of  airships 
and  balloons. 

(3)  To  assemble  knowledge  and  information  pertaining  to  airships  and  balloons. 

(4)  To  serve  as  an  information  and  research  center  for  airship  and  balloon 
historical  matters. 
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(5)  To  make  available  educational  and  historical  material  pertaining  to  air¬ 
ships  and  balloons  to  students  and  to  the  public. 

(6)  To  assemble  and  provide  information  as  to  the  location,  character,  extent 
of  other  historical  d  technical  information,  displays,  repositories  pertaining  to 
airships  and  balloons. 

(7)  To  collect  and  preserve  articles,  specimens,  and  material  things  illus¬ 
trative  or  demonstrative  of  airships  and  balloons. 

(8)  To  procure  and  preserve  historical  relics  and  places  pertaining  to  air¬ 
ships  and  balloons  and  the  owning,  leasing,  furnishing,  and  managing  of  historic 
building  or  buildings  for  the  use  of  the  League. 

(9)  To  perpetuate  the  memory  of  those  who,  by  their  deeds,  labor,  and 
heroism,  contributed  to  the  history  of  airships  and  balloons. 

(10)  To  encourage  and  facilitate  social  contacts  for  League  members  and 
others  active  or  interested  in  airship  and  balloon  history. 

(11)  To  participate  in  other  practical  activities  in  general  harmony  with  the 
above. 

(12)  To  cooperate  with  other  agencies,  groups,  and  individuals  in  carrying 
out  the  above-stated  purposes. 

In  deciding  to  form  the  LEAGUE,  we  have  not  been  unaware  of  the  attention 
already  being  given  to  the  preservation  of  the  history  of  buoyant  aircraft  by  such 
organizations  as  the  Smithsonian  Institution;  the  Wingfoot  Lighter-than  Air 
Society;  the  U.  S.  Air  Force  Museum;  the  U.  S.  Naval  Aviation  Museum;  the 
Zeppelin  Museum  at  Friedrichshafen,  Germany;  and  others  in  varying  degrees. 

But  it  is  felt  that  in  addition  to  such  existing  historical  recognition,  buoyant  air¬ 
craft  deserve  a  MUSEUM  of  their  own  in  the  United  States  but  taking  cognizance 
of  such  craft  the  world  over. 

Hence,  a  major  objective  of  the  LEAGUE  is  the  establishment  and  operation 
of  an  AIRSHIP  AND  BALLOON  MUSEUM  which,  it  is  hoped,  amongst  its  other 
purposes  would  serve  as  headquarters  of  the  LEAGUE,  and  importantly  also  as 
an  information  and  research  center  for  airship  and  balloon  historical  matters. 

Since  Lakehurst  is  so  well  known  throughout  the  world  as  a  major  center  of 
airship  operations,  it  is  felt  also  that  the  A  &  B  MUSEUM  belongs  in  the  immediate 
Lakehurst  vicinity.  The  Lakehurst  Naval  Air  Station  has  no  buildings  or  structures 
either  suitable  or  available  for  such  museum  purposes.  Furthermore,  it  is  felt 
that  the  proposed  museum  should  be  a  private  venture,  though  obviously  there 
would  be  hoped  for  and  appreciated  various  kinds  of  recognition  and  assistance 
from  governmental  sources  that  might  come  without  too  many  strings  attached. 

The  various  kinds  of  membership  in  the  League  have  not  yet  been  finalized, 
but  generally  speaking  anyone  whe  believes  in  and  wishes  to  participate  in  the 
above-outlined  historical  goalB  will  be  eligible  and  welcome  for  membership. 


145 


Even  though  no  effort  has  yet  been  made  at  publicizing  the  League,  its  pur¬ 
poses,  and  the  museum,  not  a  few  persons  who  have  incidental  knowledge  of  the 
project  have  already  sent  in  items  of  interest  in  the  history  of  buoyant  aircraft 
for  which,  fortunately  we  do  have  temporary  storage  space.  We  are  able  to  re¬ 
ceive  and  maintain  properly,  from  now  on,  pertinent  material  anyone  might  now 
care  to  give  us  for  the  museum.  In  particular,  there  would  be  appreciated  photo¬ 
graphs,  books,  papers,  and  publications  with  which  we  can  continue  building  up 
our  reference  files. 

In  the  near  future,  the  incorporators  expect  to  active  the  LEAGUE  and  will 
then  publicize  its  existence,  purposes,  types  of  membership,  and  like  information. 
Meanwhile  we  are  most  appreciative  of  this  opportunity  of  bringing  this  historical 
project  to  your  attention,  in  the  hope  that  we  may  have  whatever  assistance, 
cooperation,  and  possible  participation  you  may  consider  appropriate  at  this 
point. 

We  are  at  the  point  in  our  planning  for  activation  and  implementation  where 
any  suggestions  and  comments  would  be  gratefully  received  and  greatly  appre¬ 
ciated.  For  the  time  being,  any  communications  on  the  subject  may  be  addressed 
to  — 

Vice  Admiral  C.  E.  Rosendahl  US  Navy  Retired 
Flag  Point 

Toms  River,  New  Jersey  08753 
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13. 1  Introduction 


13.  Comments  on  Tethered  Balloons 

L.E.  Sptod 
Lea  Bridges  Industries 
South  End  On  Sea,  England 


13.1  INTRODUCTION 

One  of  the  earliest  problems  confronting  uses  of  tethered  balloons  was  the 
retention  of  the  shape  of  the  balloon  during  windy  conditions.  Unless  the  pressure 
inside  the  envelope  is  in  excess  of  the  velocity  head  of  the  wind,  the  forward  end 
of  the  balloon  will  deform  inwards;  this  concavity  increases  the  drag  of  the  balloon 
and  may  cause  instability. 

This  deformation  was  very  common  when  spherical  balloons  were  used 
tethered  -  for  observation  purposes,  etc. 

With  the  introduction  of  the  first  reasonably  successful  kite  balloon,  the 
DRACHEN  in  1894,  this  deformation  of  nose  was  considerably  reduced  by  the  fit¬ 
ting  of  a  ballonet  inflated  via  a  scoop  by  ram  air,  supplemented  by  the  pressure 
head  of  the  gas  in  the  envelope  (Figure  13, 1). 

As  this  balloon  seldom  exceeded  an  altitude  of  3000  feet  and  flew  at  20  -  25° 
angle  of  attack,  the  internal  pressure  at  the  most  critical  area  of  the  envelope 
(that  directly  facing  the  wind)  was  above  the  velocity  head  of  the  wind,  and  unless 
there  was  an  excessive  loss  of  gas,  little  nose  deformation  occurred.  The  high 
angle  of  attack,  however,  caused  excessive  cable  tensions,  and  with  the  introduc¬ 
tion  of  the  CAQUOT  balloon  in  1916,  which  flew  at  a  much  smaller  angle  of  attack. 
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12  -  15°,  and  with  increased  ceiling,  the  nose -deformation  problem  became  more 
acute  (Figure  13.2). 

The  increased  ceilings  required  by  balloons  used  for  barrage  purposes  ag¬ 
gravated  the  position.  The  French  were  moderately  successful  when  using  elastic 
cords  to  retain  the  internal  pressure,  but  the  hysteresis  effect  which  is  always 
present  in  rubber  cords  was  increased  by  the  cold  temperatures  experienced  at 
altitude. 

During  1916,  a  young  Naval  Lieutenant  Willows  conceived  an  idea  whereby  the 
internal  pressure  could  be  produced  by  the  tension  in  the  rigging  legs  (Figure  13.3). 

One  side  of  a  5000  cu  ft  balloon  was  rigged  by  passing  the  rigging  over  a  series 
of  pulleys  attached  to  the  conventional  rigging  band,  and  the  end  of  each  rigging 
leg  was  attached  to  another  rigging  band  near  the  bottom  center  line  of  the  en¬ 
velope,  thus  forming  an  expanding  gore.  This  arrangement  should  result  in  an 
internal  pressure  proportional  to  the  cable  tension  and  wind  speed.  This  expand¬ 
ing  gore  ran  the  full  length  of  the  envelope,  and  to  achieve  this,  the  balloon  was 
turned  upside  down,  bringing  the  vertical  rudder  to  the  top  of  the  envelope  and  the 
fins  hanging  down  at  an  angle  of  30°.  On  the  preliminary  trial,  very  uneven  ex¬ 
pansion  of  the  envelope  was  apparent,  most  of  the  expansion  taking  place  at  the 
forward  and  after  ends  of  the  balloon  where  the  rigging  pull  angle  was  acute.  The 
balloon  was  modified  by  removing  the  after  rigging  and  inserting  rubber  cords 
instead,  and  the  balloon  was  rebalanced  by  suspending  a  weight  near  the  tail. 

The  second  trial  took  place  in  a  wind  of  8  mph,  the  balloon  being  tethered  to 
a  small  hand  winch.  Three  defects  were  again  apparent: 

(1)  The  balloon  expanded  on  one  side  rigging  only,  resulting  in  the  balloon 
flying  "off  wind". 

(2)  The  gas -filled  stabilizers  caused  the  center  of  buoyancy  to  alter  as  the 
gas  expanded,  thus  affecting  trim. 

(3)  The  envelope  did  not  expand  evenly  along  its  length,  the  nose  of  the  bal¬ 
loon  presenting  a  decidedly  flat  surface. 

The  balloon  was  allowed  to  ascend  and  the  winch  operator,  not  having  received 
the  order  to  stop  ascent  at  6,  000  feet  (the  limit  of  the  expanding  gore),  permitted 
the  balloon  to  rise  to  9,  700  feet  where  the  balloon  burst,  falling  to  the  ground  in 
two  pieces.  This  experiment  was  not  continued. 

During  1937  a  variation  of  Willows'  idea  was  produced  by  a  Major  Wheelwright, 
but  as  Willows'  expansion  scheme  depended  upon  rigging  pulls  applied  on  the  out¬ 
side  of  the  envelope,  Wheelright  evolved  an  internal  rigging  (Figure  13.4). 

The  ballocn  was  of  six  lobes  formed  by  six  cusps  fitted  with  pulleys  over  which 
the  internal  rigging  passed.  To  reduce  the  length  of  the  rigging  projecting  outside 
the  balloon,  when  the  balloon  was  at  ground  level,  the  expansion  system  was 
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Figure  13.4.  Wheelwright  Expanding  Balloon 

divided  into  4  1/2  sections  with  9  rigging  wires  passing  through  a  mercury-filled 
gland  fitted  at  the  underside  of  the  envelope. 

A  small  model  was  made,  air  inflated  and  weighted  to  represent  gas  lift,  and 
slung  upside  down;  when  air  was  forced  into  the  envelope,  the  model  expanded  and 
ascended  the  rigging.  There  were  several  minor  snags  because  of  the  pulleys' 

(domestic  curtain  fittings)  jamming  occasionally  and  the  air  leaking  from  the  gland; 

nevertheless  it  was  decided  to  construct  a  full  size  model  of  11, 000  cu  ft  volume.  < 

This  full  size  model  was  of  conventional  shape,  but  because  of  the  lobular 
cross  section,  narrow  base  stabilizers  (gas-filled  via  the  envelope)  were  fitted. 

Forty  pulleys  spaced  about  18  inches  apart  were  positioned  on  each  cusp,  each 
rigging  group  taking  the  form  of  a  conical  helix  inside  the  envelope . 

Flying  trials  were  undertaken  and  the  angle  of  attack  was  found  to  be  greatly 
in  excess  of  that  calculated  (25°  instead  of  8°).  The  balloon  yawed  and  pitched 
considerably,  partly  because  the  stabilizers  bent  at  the  narrow  base,  and  the 
balloon  broke  away,  but  on  recovery  it  was  discovered  that  two  of  the  internal 
rigging  bands  had  torn  away  from  the  envelope. 

The  balloon  was  repaired,  wider  base  stabilizers  fitted  and  other  minor  modi¬ 
fications  made,  and  the  flying  trials  continued.  The  balloon  flew  at  an  altitude  of 
approximately  300  feet  on  2, 000  feet  of  cable  —  the  drift  of  the  balloon  betng  very 
excessive  —  and  after  several  unsuccessful  attempts  to  fly  the  balloon,  after 
other  modifications  the  trials  were  abandoned. 

My  third  'novelty'  is  of  a  bellows-type  of  pump  fitted  to  the  upper  end  of  the 
flying  cable  and  operated  by  the  variation  in  the  tether  cable  tension. 

Small  balloons  of  approximately  3, 000  cu  ft  which  depended  upon  the  expansion 
of  rubber  cords  were  used  in  considerable  numbers  to  deter  dive  bombing  during  * 

World  War  2.  These  were  flown  from  ships  and  moored  to  buoys  around  harbours. 


Because  of  the  acute  shortage  of  rubber, 
other  systems  of  pressure  control  were 
considered, 

A  pump  (Figure  13. 5)  was  made  by 
forming  a  fabric  cylinder  about  3  feet 
long,  the  ends  being  made  of  wood  about  8 
inches  in  diameter.  Springs  made  from 
rubber  cords  were  fitted  between  the 
wooden  ends,  which  contained  entrance 
and  exit  valves,  orifices  and  suspension 
eyes;  the  pump  operating  like  a  concertina. 

This  pump  was  effective  within  a  limited 
range  of  wind  speeds  but  would  not  operate  *****  13' 5*  ^“P  Kite  Balloon 
over  the  full  range  of  operational  wind 
speeds,  0-70  mph. 

Thus  for  a  balloon  to  operate  in  a  wind  speed  of,  say,  0-20  mph,  a  weak 
spring  was  necessary  to  give  the  required  length  of  stroke.  At  above  30  mph  the 
spring  was  fully  extended  and  the  pump  failed  to  operate.  Conversely,  when  a 
stronger  spring  was  fitted  the  stroke  of  the  bellows  was  insufficient  to  supply  a 
sufficient  volume  of  air  at  the  lower  wind  speeds. 


14.  The  Use  of  Tethered  Balloons  and  Kites 
in  the  GARP  Tropical  Experiment 


G.  Stilko 

Matuorolagischas  Institut 
Univcrsltat  Hamburg 


The  Global  Atmospheric  Research  Programme  (GARP)  is  a  joint  effort  of 
the  ICSU  (International  Council  of  Scientific  Unions)  and  the  WMO  (World  Meteoro¬ 
logical  Organization)  with  the  goal  to  increase  our  understanding  of  the  general 
circulation  of  the  atmosphere  and  to  develop  the  phys'cal  and  mathematical  basis 
for  methods  of  extended  prediction. 

There  will  be  several  international  field  experiments  in  this  programme,  the 
tropical  experiment  starting  in  1973/74,  and  later  a  global  experiment.  The  plan¬ 
ning  of  the  first  tropical  experiment  is  most  advanced.  The  proposal  for  the  ex¬ 
perimental  studies  contains  the  use  of  tethered  balloons  and  kites  from  ships  for 
measuring  atmospheric  temperature  and  humidity  fine  structure  (GARP  Publ. 

Ser.  No.  4,  p.  11,  Jan.  1970). 

The  planning  conference  on  GARP-Tropical  Experiments  (Brussels  16-20.3. 
1970)  has  calculated  a  participation  of  24  research  ships  in  the  first  tropical  ex- 
pd.  nent  over  the  Atlantic  (and  of  more  than  100  merchant  ships).  The  tethered 
balloon-  and  kite-sondes  should  measure,  if  possible,  also  the  eddy  fluxes  of 
heat,  water  vapor  and  momentum  in  the  lower  1000  m  above  the  ocean.  Special 
attention  must  be  paid  to  avoid  as  far  as  possible  unknown  motions  of  the  balloon 
and  sonde  system. 
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15.  The  influence  of  Changes  of 
Material  Structure  on  the  Failure  of 
Polyethylene  Balloon  Films 

D.  Weissmonn 
Stevens  Institute  of  Technology 
Hoboken,  New  Jersey 


Abstract 


During  the  last  few  years,  a  long  series  of  investigations  of  the  performance 
of  polyethylene  (P.E.  )  films  used  as  balloon  materials  was  conducted  under 
simulated  launch  and  flight  conditions. 

It  was  found  that  the  nature  of  the  rupture  achieved  by  burst  at  -70°F  exhibits 
a  ductile-brittle  transition  dependent  upon  the  thermal-stress  history  of  the 
material. 

The  present  study  was  planned  to  correlate  that  phenomenon  to  the  structure 
of  the  P,  E.  film  and  its  changes  due  to  creep  and  orientation  under  loading. 

Through  an  experimental  study  consisting  of  a  series  of  tests  at  various 
critical  temperatures,  the  above-mentioned  correlation  is  investigated.  The 
tests  performed  included  creep,  constant  strain  rate,  and  mechanical  dynamical 
tests  to  investigate  mechanical  properties  changes  and  infrared,  molecular  weight 
distribution,  and  X-ray  studies  to  investigate  structural  properties. 

Some  initial  results  are  presented  and  the  observed  failure  pattern  is  dis¬ 
cussed  in  light  of  these  results. 
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13.1  INTRODUCTION 

A  long  series  of  investigations,  testing  balloon  films  under  conditions  which 
simulate  launch  and  flight  conditions,  were  carried  out  over  the  last  few  years  by 
A.D.  Kerr  and  H.  Alexander.  Many  of  the  results  were  presented  in  previous 
symposia  and  reports  (Kerr,  1968;  and  Kerr  and  Alexander,  1968). 

Much  of  the  testing  consisted  of  bursting  cylindrical  samples  in  a  cold  chamber 
at  a  temperature  of  -70°F  after  they  were  uniaxially  preloaded  by  different  loads 
for  varying  periods  of  time.  The  preloading  was  done  at  temperatures  of  75°F, 
92°F  and  '3  0°F. 

One  of  the  most  significant  observations  was  that  the  pressure  needed  to  burst 
the  sample  dropped  radically  after  certain  preloading  conditions  were  applied. 

In  Figure  15. 1,  the  burst  pressure 
is  plotted  as  a  function  of  the  preloading 
time.  As  the  preloading  time  increases, 
the  burst  pressure  decreases  to  some 
limiting  value.  It  is  interesting  to  note 
that  in  order  to  get  the  same  drop  in 
burst  pressure  the  elongation  X  has  to  be 
the  same,  indicating  that  the  drop  in  burst 
pressure  is  associated  with  the  amount  of 
orientation  introduced  by  the  uniaxial 
creep. 

In  addition  to  the  burst-pressure  drop 
effect,  a  change  lit  the  nature  J  the  rup¬ 
ture  appearance  between  the  two  cases 
was  observed.  In  a  case  where  there  is 
no  drop  in  burst  pressure,  the  rupture 
is  ductile;  being  characterized  by  one  rupture  line  usually  in  the  machine  direction 
(Figure  15.2).  In  the  samples  which  show  a  pressure  drop,  the  rupture  is  brittle 
and  the  material  shatters  like  glass  (Figure  15,3). 

This  transition  in  the  nature  of  the  failure  is  of  great  importance.  A  ductile 
material  has  the  ability  to  deform  and  relax  a  large  applied  stress  while  a  brittle 
material  will  rupture.  In  actual  flight  conditions,  the  film  might  be  locally  over¬ 
stressed.  This  difference  between  ductile  and  brittle  behavior  could  mean  the  dif¬ 
ference  between  success  and  catastrophic  failure. 

The  problem  undertaken  here  is  to  determine  the  correlation  between  the  ma¬ 
terial  structural  changes  (such  as  orientation)  and  the  above  observations. 


Figure  15.2.  Ductile  Rupture 


Figure  15.3.  Brittle  Rupture 


The  work  consists  of  two  main  parts.  The  first  part  involves  the  character¬ 
ization  of  some  commonly  used  films  in  as  much  detail  as  is  possible,  and  the 
second  involves  the  correlation  effort. 


15.2  MATERIAL  CHARACTERIZATION 

Infrared  Spectroscopy,  Gel  Permeation  Chromatography  (GPC)  and  X-ray 
Diffraction  studies  were  performed  in  order  to  characterize  two  films:  X-124 
and  StratoFilm. 

The  infrared  spectrum  for  both  films  looks  like  that- of  ;a  typical  polyethylene 
(PE'  ns  shown  in  Figure  15,  4.  The  absorption  band  located  above  wave  number 
2900  cm1  fees  to  do  with  et  retching  (change  Jn  length)  of  C-K  bonds.  The  bands 
at  wave  numbers  14 TO  cm"1  and  730  cm*1  have  to  do  with  the  deformation  of  the 
CH  angle  in  the  HCH  plane  relative  to  the  back  bone  (Me Cram  etal,  1967). 

The  GPC  showed  some  difference  in  the  molecular  weight  distribution  between 
the  two  films,  ae  shown  in  Figure  35.  5.  X-124  was  characterized  as  a  typical  PE 
while  the  StratoPUm,-  as  blended  PE. 

The  X-ray  diffraction.  Figure  15. 6,  shows  that  the  thinner  Lima  have  a  pre¬ 
ferred  orientation  in  the  machine  direction  (due  to  production).  The  main  dif¬ 
fraction  is  done  from  (110)  and  (200)  planes.  In  the  unoriented  material  the  0 10) 
peak  is  much  higher  than  the  (200)  peak,  while  in  the  oriented  material  they  become 
almost  equal.  The  preferrad  orientation  in  the  machine  direction  was  verified 
previously  by  mechanical  tests . 
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Figure  15.4  Infrared  Spectrum  of  PE 


Figure  15. 5  Molecular  Weight  Diatribution  of  StratoFilm  and  X- 324  from  GPC 
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Figure  )5.6.  X-ray  Diffraction  (Through  Direction) 
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Figure  15, 7  Burst  Pressure  of  StratoFilm  at  Varying  Preloads  vs  Burst 
Temperature  (Preloading  Time  -  2  Hours) 
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15.1  MKCH  WICM.  TESTING  \ND  illSCLSSION 


A  set  of  cylinder  burst  tests  were  carried  out  at  different  temperatures  at  two 
preload  stresses  and  without  any  preloading.  The  results  are  summarized  in 
Figure  15.  7.  The  lower  preload  stress  did  not  induce  a  drop  in  the  burst  pressure 
while  the  higher  stress  did.  This  can  possibly  be  explained  in  terms  of  an  activa¬ 
tion  energy  which  is  involved  in  the  mechanism  yielding  the  strength  drop.  This 
energy  will  be  time  and  temperature  dependent  as  is  usually  the  case  for  visco¬ 
elastic  materials.  It  can  be  expected  that  the  lower  load  will  yield  a  burst  pressure 
drop  after  a  loading  time  longer  than  the  one  used  here. 

In  addition,  Figure  15.  7  shows  at  what 
temperature  the  nature  of  the  rupture 
changes .  For  the  higher  stress  used,  the 
rupture  transition  occurs  at  -70°F;  shifting 
from  -90°F  for  the  low  preloading  stress 
case. 

Comparing  this  result  with  an  accepted 
real  and  loss  moduli  versus  temperature 
characteristic  of  low  density  PE,  Figure 
15.8,  it  is  found  that  the  above-mentioned 
material  failure  transition  occurs  in  the 
valley  between  the  £  and  the  y  transitions 
of  the  loss  modulus  curve.  It  is  possible 
that  if  the  temperature  is  higher  than  the 
temperature  of  the  lowest  point  of  the 
valley,  that  is  closer  to  the  fi  transition, 
this  transition  dominates  the  deformation 
of  the  material  at  that  temperature,  and 
£  would  yield  a  ductile  failure.  At  tempera- 
•  ture  below  the  valley  temperature  the  y 

transition  is  dominant,  yielding  the  brittle 
pattern  (McCram  et  al,  1867). 

The  location  of  the  transitions  on  the 
Ttiawmwi  (T)  temperature  axis  is  not  constant.  The 


transition  may  be  shifted  due  to  many 


Figure  15. 8.  Real  and  Loss  Moduli 
of  PE.  An  ■  logarithmic  decrement 
A 

■  In  y  "  , 
n+1 

amplitudes 


A|J  An+1  are  successive 


factors.  It  in  a  major  purpose  of  this  in¬ 
vestigation  to  determine  if  orientation  of 
the  material  results  in  such  a  shift. 

In  order  to  investigate  this  pheno¬ 
menon,  a  series  of  Instron-constant  rate 


of  stretching,  creep,  and  mechanical- 
dynamical  tests  are  planned.  A  typical 
output  from  an  Instron  tensile  test  is  shown 
in  Figure  15.9.  The  highest  stress  at  the 
end  of  the  elastic  region  is  defined  as  the 
yield  stress  (a^)  and  the  average  stress 
after  the  yield  is  called  the  neck  stress 
<<rN). 

In  Figure  15. 10,  the  yield  strese  and 
neck  stress  in  the  machine  direction  are 
given  as  a  function  of  temperature.  As  the 
temperature  is  lowered,  both  and  a  ^ 
increase.  The  tests  in  the  transverse 
direction  give  similar  results. 

In  Figure  15. 11,  the  curves  of  yield 

stress  at  different  rates  of  grip  separation  are  plotted  vs  temperature.  At  tempera¬ 
tures  above  -50°C,  the  lines  appear  to  be  parallel  while  below  this  temperature  they 
start  to  deviate  from  each  other. 


Figure  15,9.  Typical  Instron  Test 
Output 
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Figure  15, 10.  Yield  and  Neck  Stresses  vs  Temperature 
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Figure  15. 11.  Yield  Stresses  tit  Different  Strain  Rates  vs  Temperature 


15.4  CONCLUSIONS 

At  the  present  time  there  are  not  enough  data  to  suggest  an  interpretation 
which  will  tie  together  all  of  these  observations.  By  repeating  the  Instron  tests 
on  preoriented  material  and  by  performing  dynamical-mechanical  tests  in  order  to 
construct  real  and  loss  modulus  curves,  we  hope  to  find  a  correlation  between 
changes  in  material  structure  and  the  observed  mechanical  behavior. 

A  better  understanding  of  the  behavior  of  the  film  under  the  stresses  applied 
and  the  temperatures  experienced  may  be  utilised  to  avoid  premature  failures 
by  indicating  possible  improvements  of  the  material  or  changes  in  design  assump¬ 
tions  and  launch  procedures. 
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16.  Development  of  the  e-Balloon 

J.H.  Smalley 

Notional  Center  for  Atmospheric  Research* 
Boulder,  Colorado 


16.1  INTROOICTION 

The  e-balloon  is  a  particular  form  of  a  superpressure  balloon.  It  is  designed 
to  make  use  of  the  well  proven,  but  rather  weak,  lightweight  films  used  in  present 
day  zero-pressure  balloons.  This  report  discusses  the  reasons  for  the  particular 
form,  the  development  of  the  first  engineering  models  and  future  potential. 

It  will  be  seen  in  the  following  that  a  superpressure  balloon  can  carry  only 
light  loads  for  a  given  size,  so  'Where  does  the  advantage  lie?"  With  each  sunset, 
a  zero-pressure  balloon  must  expend  ballast  if  it  is  to  maintain  altitude.  With 
each  succeeding  sunset,  ever  larger  amounts  of  ballast  are  needed.  Thus,  as 
duration  requirements  increase,  the  size  of  the  balloon  increases  and  the  amounts 
of  helium  and  ballast  needed  increase.  Figure  16.  1  shows  a  comparison  of  the 
costs  of  two  balloon  systems.  One  is  a  zero-pressure  system  using  ballast  to 
maintain  altitude,  the  other  is  a  superpressure  system  using  the  constant  volume 
principle  to  maintain  altitude.  The  figure  shows  that  for  a  50-lb  payload  to  130,000 
ft,  the  duration  for  equal  cost  is  between  five  and  six  days.  Only  balloon,  helium 


*  The  National  Center  for  Atmospheric  Research  is  sponsored  by  the  National 
Science  Foundation. 
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Figure  16.  1.  Comparison  of  the  Non-  Figure  16.  2.  Photograph  Showing  the 
Equal  Costs  for  a  Long  Duration  Flight  Top  View  of  a  Model  e-Balloon 


and  ballast  costs  are  considered.  All  other  costs  would  be  essentially  the  same 
for  either  system. 


16.2  THE  e-BALLOON 

The  e-balloon  has  the  shape  of  an  oblate  spheroid.  Figure  16.  2  is  a  photo¬ 
graph  showing  the  top  view  of  a  laboratory  model,  and  Figure  16.  3  is  a  sketch 
from  the  side.  It  is  often  remarked  that  the  shape  is  that  of  a  pumpkin  or  a  tomato. 

In  principle,  a  balloon  could  be  designed  to  have  a  very  large  internal  pres¬ 
sure  and  yet  have  no  circumferential  stress.  The  shape  of  such  a  balloon  in  side 
view  would  be  as  in  Figure  16.  3.  Classically,  this  curve  is  Euler's  elastica.  * 

In  reality  there  must  be  a  finite  distance  between  meridional  strength  members, 
and  a  gas  barrier  is  called  upon  to  support  the  pressure.  However,  the  usual 
polyethylene  barrier  material  has  low  strength.  In  addition,  the  gas  pressure  in 
a  superpressure  balloon  can  be  an  order  of  magnitude  greater  than  that  in  a 
natural  shape  balloon.  By  building  in  additional  material  so  that  the  gores  can 
bulge  outward  between  tapes  (Figure  16.  4),  the  radius  of  curvature  is  reduced  to 
a  point  where  the  film  stresses  are  within  allowable  values.  The  curve  taken  by 


o 

*The  equation  of  the  elastica  is  x  =  sin  * ,  wh^re  x  is  the  radial  coordinate 
and  is  the  angle  of  the  tangent  to  the  curve  with  respect  to  the  horizontal.  The 
ratio  of  height  to  radius  is  1. 1981.  The  ratio  of  the  radius  to  gore  length  is 
0.  38138. 
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the  load  tapes  is  no  longer  the  elastica,  but  differs  only  slightly  from  it.  Only  if 
the  lobes  of  bulged  material  are  complete  semicircles  is  the  elastica  curve  achieved. 

The  gores  are  necessarily  cut  from  flat  material.  To  achieve  the  design  cur¬ 
vature,  both  meridional  and  circumferential,  use  is  made  of  the  extensibility  of  the 
film.  The  stress  resulting  from  this  known  strain  is  used  in  deriving  the  lobe  shape. 

The  result  is  a  superpressure  balloon  made  from  extensible  material,  ellip¬ 
soidal  in  shape,  nearly  the  elastica  curve  -  thus  the  e-balloon. 


16.3  \D\  \NT\GES  AND  DISADVANTAGES 

It  was  anticipated  that  the  major  advantage  of  this  particular  design  would  be 
that  it  could  be  constructed  and  flown  using  the  same  state  of  the  art  as  zero- 
pressure  balloons.  This  included  the  same  film,  load  tapes,  sealing  methods  and 
end  fittings.  In  part  this  has  been  borne  out.  The  load  tapes  are  heavier  than 
usual  but  of  the  same  materials.  End  fittings  have  proven  to  be  more  difficult  to 
install  because  they  are  larger  and  neavier.  Also,  additional  steps  are  needed  to 
ensure  gas  integrity  at  the  end  fittings.  Launch  methods  are  the  same  as  those  of 
more  usual  balloons. 

The  major  disadvantage  is  the  large  equatorial  diameter.  This  results  in  a 
large  number  of  heavy  load  tapes  to  support  the  bursting  force  which  is  proportion¬ 
al  to  the  diameter  squared.  This  is  the  price  paid  for  omitting  circumferential 
strength  members. 


Figure  It.  9.  Sketch  of  the  Side  View 
of  a  Model  •- Balloon 


Figure  it.  4.  Sketch  Showing  the  Lobe 
Detail  of  a  Portion  of  an  e-Balloon 
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16.4  LOBE  DESIGN 

The  e-balloon  is  designed  in  much  the  same  way  as  a  natural  shape  balloon. 
Rather  than  assume  a  symmetric  body  of  revolution,  the  design  is  confined  to  a 
single  lobe.  All  lobes  are,  of  course,  identical.  A  short  length  of  lobe  is  as¬ 
sumed  to  be  similar  to  a  portion  of  a  torus.  As  in  a  torus,  the  meridional  stress 
(*m)  is  constant.  The  lobe  radius  (Rc)  is 

Rc  »  2*m/(p  +  wf  sin  *) 


where 

p  =  local  pressure 

Wj  *  film  weight  per  unit  area 

9  3  angle  of  the  load  tape  tangent  with  respect  to  the  vertical,  measured  in 
a  plane  containing  the  load  tape  and  the  balloon  centerline 
The  circumferential  stress  (#c>  along  the  centerline  of  the  lobe  is 

*  _  3  R  (p  +  w.  sin  •  +  *  ) 

c  c r  f  m 

where  a'  is  the  derivative  of  9  with  respect  to  the  gore  length  coordinate. 

The  angular  width  of  the  lobe  (lobe  angle)  is  a  function  of  R  and  the  local 
spacing  of  the  tapes.  Summing  the  forces  on  an  element,  the  width  of  one  lobe 
and  of  infinitesimal  length  yields  differential  equations  which  are  numerically  in¬ 
tegrated  io-  9,  load  tape  tension,  balloon  volume  and  balloon  weight.  Results 
show  that  *c  and  Rc  are  nearly  constant.  The  lobe  angle  is  zero  at  nadir  and 
zenith,  and  reaches  a  maximum  at  the  equator.  Because  the  e -balloons  for  prac¬ 
tical  loads  at  high  altitudes  are  large,  #  '  is  almost  twice  (as  in  a  cylinder). 
Thus,  must  be  chosen  such  that  *c  does  not  exceed  design  values  for  the  gas 
barrier  material  used. 

The  final  gore  pattern,  cut  from  unstressed  material,  has  its  dimensions  re¬ 
duced  from  the  design  values  such  that  the  necessary  strain  to  reach  the  desired 
shape  will  result  in  the  desired  stresses.  Because  of  the  long  flight  duration, 
creep  of  the  balloon  materials  is  an  important  consideration. 
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16.5  INTERNAL  PRESSURES  AND  TEMPERATURES 

These  conditions  are  all  important  to  the  design.  At  zero  supertemperature, 
the  superpressure  determines  the  amount  of  gas  in  the  balloon.  This  value  must 
be  large  enough  so  that  in  the  coldest  part  of  the  night,  the  internal  pressure  is 
still  positive.  The  minimum  amount  of  gas  is  thus  determined.  Additional  gas 
extends  the  time  before  leaks  cause  the  pressure  to  drop  to  zero.  There  is  a 
practical  limit  to  the  amount  of  gas  that  can  be  carried  to  make  up  losses.  Table 
16. 1  shows  an  example  of  the  volume  increase  as  superpressure  increases. 

Table  16. 1.  Effect  of  Superpressure  on  e- Balloon  Size 


Superpressure 

(percent) 

Volume 

(MCF) 

5 

4.  6 

8 

5.  3 

12 

6.6 

15 

8. 1 

20 

12. 1 

Altitude  =  125,  000  feet 

Suspended  Load  =  250  pounds 

Supertemperature  =  10% 

During  the  hottest  part  of  the  day,  the  combination  of  superpressure  and  super¬ 
temperature  determine  the  maximum  stresses  encountered. 

Unfortunately,  there  are  very  little  data  available  on  maximum  and  minimum 
supertemperatures  developed.  Preliminary  calculations  utilizing  the  best  known 
material  thermal  properties  indicated  that  satisfactory  design  values  would  be 
12  percent  superpressure  and  10  percent  supertemperature  based  on  ambient  pres¬ 
sure  and  temperature.  At  125,000  ft,  for  example,  10  percent  supertemperature 
is  44°f  and  12  percent  superpressure  will  initially  accommodate  47°F  subtempera¬ 
ture  assuming  no  change  in  volume. 


16.6  MODEL  TECTS 

First,  a  rather  crude  feasibility  model  was  made  simply  to  give  a  gross  check 
on  design  parameters.  Then  two  models  were  built  by  Winzen  Research,  Inc. 

A  photograph  of  one  is  shown  in  Figure  16.  2.  They  were  extensively  leak -tested 
and  given  a  careful  visual  examination.  In  no  case  were  leaks  found  in  the  seams. 
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Instead,  the  only  leaks  were  where  the  gas  barrier  had  been  opened  for  an  attach¬ 
ment,  for  example,  the  inflation  tube.  As  a  result,  a  design  principle  has  been 
adopted  that  the  gas  barrier  shall  not  be  broken  for  attachments  of  any  kind.  (An 
exception  has  been  made  for  the  destruct  panel  "buttons51. )  Pressurizing  the  model 
to  bursting  resulted  in  a  rip  in  one  gore  lying  along  the  equator  of  the  gore  -  the 
anticipated  maximum  stress  point. 


14.7  ENGINEERING  MODELS 

A  contract  was  entered  into  with  Winzen  Research,  Inc.  of  Minneapolis,  Minn. , 
for  the  two  laboratory  models  mentioned  above  and  for  two  engineering  evaluation 
balloons.  A  third  engineering  evaluation  balloon  was  purchased  from  Haven  Indus¬ 
tries,  Inc. .  Sioux  Falls,  S.  D. 

A  minimum  payload  sufficient  for  instrumentation  and  an  altitude  high  enough 
to  provide  realistic  conditions  were  choeen  for  the  basic  design.  Preliminary 
calculations  indicated  that  the  balloon  would  not  be  overly  large  if  the  design  con¬ 
dition  was  50  lb  at  125,000  ft.  Estimates  of  minimum  and  maximum  internal 
temperatures  indicated  that  the  design  conditions  should  be  12  percent  superpres¬ 
sure  and  10  percent  supertemperature.  A  gas  barrier  of  0.  9  mil  polyethylene  was 
chosen.  The  nominal  stresses  of  4  lb/ ft  meridionally  and  8  lb/ft  circumferentially 
are,  respectively,  1/9  and  1/4  breaking  strength  at  room  temperature  and  one- 
half  those  values  at  ambient  flight  temperature.  A  load  tape  with  a  nominal  break¬ 
ing  strength  of  1, 200  lb  was  used.  At  maximum  pressure  conditions  this  is  a 

safety  factor  of  two.  The  constructed  weight  was  1, 21 0  lb.  * 

14.8  FLIGHT  TEST  INSTRUMENTS 

The  payload  for  the  engineering  flights  consisted  solely  of  balloon  control 
and  balloon  evaluation  equipment.  Twelve  channels  of  information  were  trans¬ 
mitted  with  a  GHOST-type  system.  They  were: 

<1)  Internal  pressure  (2  channels) 

(2)  Internal  temperature  (2  channels) 

(3)  Air  temperature 

(4)  Battery  temperature 

(5)  Balloon  film  temperature 

(8)  Balloon  film  strain  (3  channels) 

(7)  Balloon  load  tape  strain 

(8)  Altitude  * 
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A  locating  beacon  also  carried  altitude  information.  A  receiver  was  used  to  turn 
the  beacon  on  and  off,  and  to  command  cut-down.  An  E-cell  timer  was  carried 
to  terminate  the  flight.  If  the  balloon  settled  below  75, 000  ft,  a  barometric  switch 
would  also  terminate  the  flight.  Sun  angle  for  tracking  purposes  used  a  separate, 
solar-powered  transmitter.  The  telemetry  transmitter  with  the  major  sensors, 
the  receiver,  the  timer,  the  beacon  and  the  75, 000-ft  switch  were  all  separately 
powered  with  batteries.  To  protect  the  batteries,  they  were  carried  in  a  dewar. 


16.9  FLIGHT  DURATION 

The  long  term  potential  for  flight  duration  is  very  difficult  to  forecast.  No 
amount  of  analysis  will  appreciably  improve  this  situation.  Actual  flights  will  be 
needed  to  arrive  at  a  duration  figure  which  can  be  stated  with  confidence. 

As  an  upper  limit,  a  pessimistic  estimate  of  duration  due  to  permeability  of 
the  film  to  the  lifting  gas  yields  a  number  in  excess  of  10  years.  Obviously,  the 
lifetime  will  be  a  function  of  other  things  such  as  material  degradation  and  manu¬ 
facturing  imperfections,  hi  the  short  term,  material  degradation  will  not  be 
serious.  The  major  concern,  then,  is  small  leaks  in  the  balloon.  The  importance 
of  great  care  in  manufacturing,  particularly  in  the  area  of  the  end  fittings,  cannot 
be  over  emphasized. 

16.10  PAYLOAD  POTENTIAL 

The  first  flight  model  carried  50  lb.  Fifty  pounds  is  a  minimum  payload  since 
it  is  needed  for  balloon  controls  and  performance  monitors.  The  following  table 
lists  balloon  volumes  needed  to  carry  heavier  payloads. 


Table  18.  2.  e-Balloon  Payload  Potential 


Suspended 

Load 

(lb) 

Volume  (MCF) 

Altitude  (ft) 

120,000 

125,000 

130,000 

100 

3.1 

4.9 

8.  0 

250 

4.3 

6.5 

10.4 

500 

6.  2 

9.2 

13.  9 

1000 

9.7 

13.9 

20.5 

The  load  given  must  include  balloon  controls.  Prices  of  such  balloons  will  vary 
from  10  percent  to  50  percent  more  than  zero-pressure  balloons  of  comparable 
volumes. 

16.it  OPERATIONAL  CONSIDERATIONS 

Operational  problems  with  a  superpressure  balloon  vary  considerably,  de¬ 
pending  upon  the  flight  duration  and  flight  location  desired.  Some  of  the  problems 
are  new  and  may  require  extensive  development  to  implement. 

(1)  Political  -  The  first  consideration  is  political.  Flights  confined  to  the 
United  States  are  governed  by  the  usual  FAA  regulations.  Flights  outside  of  the 
U.  S.  A.  come  under  the  ICAO  Convention  of  1944  to  which  most  of  the  nations  of 
the  world  are  signatories.  The  essence  of  the  Convention  as  far  as  unmanned 
aircraft  (that  is,  balloons)  are  concerned  is  that  no  nation  shall  overfly  another 
without  permission.  This  has  recently  been  modified  to  the  extent  that  flights  in 
the  tropics  are  permissible.  Permission  for  flights  in  the  Southern  Hemisphere 
has  been  obtained  by  NCAR  for  the  GHOST  program. 

(2)  Launching  -  So  far,  e-balloons  have  been  launched  with  the  same  techniques 
as  used  for  zero  pressure  balloons.  There  is  no  indication  that  techniques  will 
have  to  be  modified. 

(3)  Tracking  -  The  GHOST  balloons  are  tracked  by  a  combination  of  dead 
reckoning  and  measurement  of  the  local  sun  angle.  Data  are  transmitted  at  15 
MHz  at  a  very  slow  bit  rate.  Receiving  stations  are  scattered  throughout  the 
Southern  Hemisphere,  The  system  is  successful  and  well  proven,  and  could  be 
used  on  any  superpressure  balloon.  Obviously  the  network  of  receiving  stations 
could  prove  costly. 

A  test  flight  launched  from  Christchurch  in  April  1970,  utilizing  Nimbus  D 
and  the  IRLS  system,  has  proven  successful.  Certainly  a  satellite  system  offers 
many  advantages  and  should  be  developed  for  tracking  in  the  future. 

(4)  Trajectory  -  Experience  at  mid-levels  has  shown  that,  in  time,  a  super¬ 
pressure  balloon  will  depart  from  the  launch  latitude  by  30  degrees  or  more. 

This  can  occur  in  a  single  orbit  of  the  earth.  In  the  tropics,  the  trajectories  are 
less  variable.  Based  on  upper  atmosphere  wind  data,  a  more  constant  latitude 
trajectory  for  flights  above  120, 000  ft  would  be  expected.  Of  course,  during  the 
semi-annual  wind  reversal  all  trajectories  are  very  erratic. 

(5)  Data  Recovery  -  There  are  two  types  of  data  recovery  to  be  considered. 

If  the  payload  is  expendable,  then  data  recovery  by  a  GHOST -type  system,  by 
storage  and  dump  upon  command  or,  most  desirably,  by  satellite  can  be  used. 


Commonly  it  will  be  necessary  to  recover  the  payload.  A  flight  of  a  few  days 
duration  made  during  'turn  around"  (that  is,  usually  early  May  or  late  September) 
will  often  remain  over  land,  and  payload  recovery  is  routine.  However,  long  dura¬ 
tions  will  almost  certainly  mean  overwater  flights.  One  possible  operational  plan 
would  involve  a  launch  from  South  America.  The  balloon  would  be  permitted  to 
orbit  the  earth  one  or  more  times.  An  airborne  task  force  stationed  in  South 
America  would  intercept  the  balloon  as  it  passes  over  the  continent.  The  flight 
would  be  terminated  by  command,  and  the  payload  recovered  either  by  aerial 
snatch  or  by  surface  travel  to  the  ground  impact  location.  It  is  apparent  that  the 
probability  of  complete  orbits  would  have  to  be  high  and  that  the  operation  would 
be  expensive. 

Another  possible  operational  plan  would  involve  launch  either  in  Europe  or 
Japan  and  recovery  in  North  America. 


16.12  FUTURE  IMPROVEMENTS 

The  item  most  in  need  of  improvement  is  the  load  tape.  In  the  first  engineer¬ 
ing  models,  the  specific  strength  (ratio  of  breaking  strength  to  unit  weight)  is  ap¬ 
proximately  70,000  ft.  Glass  filaments  have  a  specific  strength  of  about  250,000 
ft.  A  glass  filament  load  tape  would  be  a  great  improvement.  Either  the  tapes 
could  be  lighter  or  the  safety  factor  increased.  The  weights  of  load  tapes  in  the 
engineering  balloons  are  41  percent  of  the  balloon  weight.  The  sensitivity  of  bal¬ 
loon  volume  to  balloon  weight  is  indicated  in  Table  16.  2.  Fewer  tapes  would  be 
reflected  in  simpler  end  fitting  assembly. 

A  second  value  of  glass  load  tapes  is  the  higher  modulus  of  elasticity.  Dwyer* 
indicates  that  a  polyethylene  seam  is  weakened  when  placed  under  strain  along  the 
seam.  A  higher  modulus  load  tape  would  reduce  seam  strain  and  therefore  in¬ 
crease  its  strength. 


16.13  FLIGHT  TESTS 

Two  flights  have  been  attempted  at  this  time.  The  first  was  a  ground  abbrt 
not  associated  with  the  balloon.  The  second  lasted  16  hours  and  then  was  termi¬ 
nated  for  an  unknown  reason.  Also,  float  altitude  was  about  7  percent  below  the 
expected  value.  A  third  balloon  is  on  hand  and  will  be  flown  in  the  near  future. 


*  Private  communication. 


176 


Acknowledgment 

The  effort  reported  herein  was  supported  in  part  by  the  National  Aeronautics 
and  Space  Administration. 


A 


177 


Content* 

17.1  Introduction  178 

17.  2  The  Experimental  Facilities  and  the 

Philosophy  of  Testing  178 

17.  3  The  Testing  Procedures  and  the  Results 
of  Their  Application  to  Some  Plastic 
Films  182 

17.  4  Recommendations  for  a  Revision  of  the 

Balloon  Specification  MIL-P-4640A  193 

17.5  Conclusions  and  Future  Activities  194 


17.  The  S'/evens  Institute  Laboratory 
for  Balloon  Technology  and  Some  of  Its 
Contributions  to  Balloon  Research 

H.  Alexander 
Stevens  Institute  of  Technology 
Hoboken,  New  Jersey 


Abstract 


In  September,  1968,  the  Laboratory  for  Balloon  Technology  was  established 
at  Stevens  Institute  of  Technology  under  the  sponsorship  of  the  Air  Force  Cambridge 
Research  Laboratories.  This  report  contains  a  complete  description  of  the 
facilities  of  the  laboratory  and  explains  the  philosophy  of  investigation  of  balloon 
materials  and  structures  that  inspired  its  establishment.  This  philosophy  can  be 
summed  up  as  one  of  using  testing  methods  that  simulate  situations  that  a  balloon 
experiences  during  launch,  ascent  and  flight  at  altitude.  The  highlights  of  a  num¬ 
ber  of  investigations  performed  in  the  Laboratory  during  the  past  year  and  one- 
half  are  discussed,  and  the  contribution  of  each  of  these  results  towards  the 
furtherance  of  knowledge  in  balloon  technology  is  pointed  out.  These  investigations 
include:  an  evaluation  of  Union  Carbide  Perflex  B100,  the  establishment  of  a 
failure  criterion  for  biaxially  stressed  polyethylene  balloon  film,  an  evaluation  of 
Winzen  StratoFilm  K  (polyurethane),  an  investigation  into  the  failure  character¬ 
istics  of  thin  polyethylene  films  (less  than  1  mil),  the  establishment  oi  a  pre¬ 
liminary  revision  of  the  Specifications  MIL-P-4640A,  and  an  investigation  into  the 
effect  of  high-temperature  strain  history  on  the  ductile -brittle  failure  transition 
in  polyethylene  film  at  tropopause  temperatures. 
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IT.)  INTIUmmiON 

The  rash  of  balloon  failures  in  the  early  1960's,  a  matter  of  prime  concern 
to  the  Air  Force,  supplied  the  impetus  for  a  research  program  directed  toward 
defining  the  failure  mechanisms  in  polyethylene  balloons,  the  causes  thereof,  and 
possible  remedial  action.  Consequently  in  the  search  for  possible  causes  of 
failure  in  balloons,  a  number  of  investigations  were  initiated  in  February  1965  at 
New  York  University  under  contract  to  AFCRL  (Kerr,  1967  and  1968).  During  the 
course  of  these  investigations,  a  philosophy  of  testing  evolved.  This  philosophy 
can  be  summed  up  as  one  of  using  testing  methods  that  simulate  situations  that  a 
balloon  experiences  during  launch,  ascent  and  flight  at  altitude. 

In  September,  1968  this  project,  which  was  under  the  directorship  of  Dr.  A.  D. 
Kerr  at  New  York  University,  was  transferred  to  Stevens  Institute  of  Technology 
when  the  author  took  up  his  post  there  as  Assistant  Professor  of  Mechanical  En¬ 
gineering.  At  that  time  the  Laboratory  for  Balloon  Technology  was  established 
under  the  directorship  of  the  author.  The  experimental  facilities  of  the  laboratory 
have  been  specifically  designed  to  reflect  the  above-mentioned  testing  philosophy. 
This  report  contains  a  description  of  the  facilities  of  the  laboratory,  and  explains 
this  philosophy  of  investigation  of  balloon  materials  through  a  description  of  the 
highlights  of  a  number  of  investigations  performed  in  the  Laboratory  during  the 
past  year  and  one -half. 


17.2  THE  EXPERIMENTAL  FACILITIES  AND  THE  PHILOSOPHY  OF  TESTING 

The  various  examinations  of  the  properties  of  balloon  film  can  be  considered 
as  divided  into  two  phases:  launch-temperature  tests,  and  investigations  into  the 
strength  of  balloon  films  at  low  temperatures.  During  the  launch-temperature 
testing  performed  at  New  York  University,  it  was  established  that  uniaxial  testing 
alone  was  not  a  valid  strength  indicator  for  biaxially  stressed  balloon  films  because 
of  the  large  deformations  and  the  accompanying  deformational  anisotropy  occurring 
in  the  uniaxial  test.  In  view  of  this  observation,  it  was  decided  to  use  a  pressur¬ 
ized  and  axially -loaded  cylindrical  tube  of  film  as  a  standard  test  specimen  (Kerr, 
1966). 

With  the  launch-temperature  testing  of  cylindrical  tubes  in  mind,  the  laboratory 
has  been  equipped  with  a  launch- temperature  testing  and  conditioning  room  which 
has  heavily  insulated  walls  and  ceiling  no  windows  and  a  raised,  insulated  floor. 
The  combined  air  conditioning-heating  system  is  capable  of  maintaining  the 
temperature  of  the  room  at  any  value  between  45°  and  130°F  regardless  of  the  out¬ 
side  conditions.  The  temperature  control  is  accomplished  by  constantly  circulating 
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the  room  air  in  a  closed  system.  The  con¬ 
troller  operates  differential  steam  and  cold- 
water  system  valves  that  feed  the  heating  or 
cooling  agent  into  heat  exchanger  coils.  The 
temperature  can  be  maintained  at  the  desired 
temperature  ±  1°F.  Figure  17. 1  shows  a 
series  of  cylinder  conditioning  and  failure 
tests  being  performed  in  this  room . 

Although  it  has  been  recognized  that  a 
valid  strength  indication  cannot  be  obtained 
from  uniaxial  tests  alone,  this  by  no  means 
implies  that  uniaxial  tests  have  no  value.  In 
fact,  the  opposite  conclusion  has  been  arrived 
at.  By  putting  the  various  film -testing  pro¬ 
cedures  in  their  proper  perspective  concern¬ 
ing  their  relevance  to  actual  situations  that  a 
balloon  experiences  during  launch,  ascent 
and  flight  at  altitude,  it  has  been  determined 
that  uniaxial  testing  cut  be  quite  valuable. 

Consequently,  uniaxial  testing  has  become  a  standard  test  method  of  the  laboratory 
not  as  an  ultimate  strength  indicator,  but  as  a  means  of  comparison  for  various 
films  (or  various  batches  of  the  same  film)  and  as  a  means  of  determining  the 
degree  of  biaxial  orientation  of  the  tested  films. 

Uniaxial  creep  testing  is  performed 
in  the  above-described  controlled  tempera¬ 
ture  room  at  launch  temperatures.  Testing 
requiring  cold  temperature  (below  40°F)  is 
done  in  a  small  cold  chamber  thai  uses 
liquid  nitrogen  as  its  coolant.  Testing  in 
this  chamber  (shown  in  Figure  17,2}  can 
be  performed  at  any  temperature  between 
-300°F  and  room  temperature  with  an  ac- 


Figure  17.1.  Cylinder  Pres¬ 
surization  Tests  in  Progress 


Figure  17.2.  Small  Cold  Chamber 
for  Uniaxial  Creep  Testing 


curacy  of  i  2  F. 

Uniaxial,  constant-strain-rate  testing 
is  accomplished  with  a  table  model,  Instron 
tensile-testing  machine  equipped  with  a 
controlled  temperature  chamber  mat  can 
provide  a  testing  environment  at  any 


Figure  17.4.  Colt' Temperature  Figure  17.5.  Torsional  Fatigue  Test- 

Testing  of  Cylindrical  Semplee  Ing  of  s  Cyllndrlcsl  Semple 
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temperature  between  -109°  and  +350°F  ±  1°F.  The  heating  is  accomplished  with 
electric  heating  coils  over  which  the  chamber  air  is  constantly  circulated.  The 
cooling  is  done  with  liquid  carbon  dioxide  supplied  from  the  main  line  that  runs 
through  the  laboratory  for  cold-chamber  use.  The  COg  line  is  fed  from  a  remote 
location  where  twelve,  50-lb  tanks  of  COg  are  stn.cd.  The  tanks  are  used  in 
banks  of  6,  leaving  a  spare  bank  always  in  reserve.  A  test  being  performed  in 
this  constant  strain  rate  apparatus  is  shown  in  Figure  17.3. 

The  low -temperature  testing  of  biaxially-loaded  cylinder  samples  is  performed 
in  a  COg  cooled  chamber,  custom  built  for  the  laboratory  by  Associated  Testing 
Company  of  Wayne,  New  Jersey.  This  chamber  is  equipped  with  a  frame  for 
hanging  samples  and  a  slit  in  the  floor  used  for  connection  of  the  axial  load  weights. 
The  pressurization  is  accomplished  through  a  5-i't  copper  tubing  coiled  within  the 
chamber  to  assure  that  the  pressurizing  gas  is  at  the  chamber  temperature.  Ex¬ 
periments  are  regularly  performed  at  any  temperature  down  to  -109°F  ±  1/4° F, 
with  COg  as  a  coolant.  An  optional,  liquid -nitrogen  injection  system  allows  the 
possibility  of  testing  at  temperatures  down  to  -130°F,  the  limiting  temperature  of 
the  controller.  Figure  17. 4  is  a  photograph  of  a  typical  test  in  progress  in  this 
chamber. 

Since  it  was  expected  that  the  twisting  that  a  balloon  experiences  during  ascent 
may  have  a  detrimental  effect  on  the  burst  strength  of  some  balloon  films  at  cold 
temperatures,  a  torsional  fatigue -testing  machine  was  constructed.  This  machine 


Figure  17.6.  Apex  Oore  Panel  Simulator 


182 


was  used  in  checking  for  strength  degradation  due  to  twisting  in  the  Arctic  Wind 
Tunnel  of  the  U. S.  Arrny  Natick  Laboratories.  Natick.  Massachusetts.  The  re¬ 
sults  of  those  tests  will  be  discussed  in  the  next  section.  Figure  17.5  shows  a 
sample  being  tested  in  this  apparatus.  It  is  planned  to  incorporate  a  twisting 
apparatus  into  the  Associated  Testing  Chamber  sometime  in  the  near  future,  thus 
allowing  all  biaxial  cold-chamber  testing  to  be  done  in  this  one  chamber. 

The  loading  in  the  apex  region.  O'  <  radius  <  30',  of  a  fully  tailored  balloon 
is  thought  to  be  most  critical  to  its  successful  flight.  It  is  hoped  that  from  an 
analysis  of  the  loading  and  deformation  response  in  this  critical  region  of  the  bal¬ 
loon.  using  the  apex  gore  panel  simulator  (Figure  17.6)  there  will  emerge  a  better 
u  derstanding  of  the  failure  process  of  balloons  and  a  practical  design  tool  that  can 
be  used  to  help  in  avoiding  future,  premature,  balloon  failures. 


17.3  THU  TESTING  PROG  EDI  RES  AND  THE  RESULTS  OF  THEiR  APPLICATION 
TO  SOME  PLASTIC  FILMS 

Each  of  the  specialized  pieces  of  equipment  described  above  has  been  specifi¬ 
cally  included  in  this  laboratory  so  that  a  series  of  tests  could  be  developed  that 
would  quickly  indicate  the  acceptability  of  any  plastic  film  for  balloon  use.  Those 
tests  and  the  results  of  their  application  to  a  number  of  past,  present  and  future 
candidate  balloon  films  are  the  subject  of  this  section. 

17.3.1  \  Failure  Stress  Criterion  (or  Balloon  Film 

One  of  the  most  important  problems  in  balloon  design  and  analysis  is  to  deter¬ 
mine  the  mechanical  conditions  that  cause  a  balloon  film  to  undergo  large  deforma¬ 
tions  or  to  fail  by  fracture.  Present  methods  of  uniaxial,  constant  strain-rate 
testing  are  inadequate  for  this  purpose  because  they  do  not  take  creep  effects  into 
account,  nor  do  they  relate  to  a  multiaxial  state  of  stress.  Both  of  these  considera¬ 
tions  appear  to  be  of  importance  in  actual  failures  of  balloon  film  materials. 
Therefore,  a  research  program  was  initiated  to  establish  a  "failure"  stress  relevant 
to  balloon  films.  A  "safe"  stress  chart  that  can  be  easily  used  in  balloon  design 
and  analysis  was  then  constructed. 

At  balloon  launch,  as  well  as  at  very  high  altitudes,  the  film  is  quite  ductile. 
Consequently,  large  plastic  deformations  occur  before  actual  rupture.  This  in¬ 
vestigation  was  devoted  to  the  establishment  of  "safe"  stress  levels  for  launch 
temperatures  and  high  altitude  temperatures  where  the  failure  is  of  a  ductile  type. 

It  was  decided  to  consider  a  safe  stress  level  as  one  at  which  the  material  sample 
which  creeps  will  not  fail  within  a  specified  time  interval.  Tests  were  conducted 
with  inflated  cylinders.  It  was  found  that  within  a  narrow  range  of  stresses  the 
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Figure  17.7.  Creep  Curves  for  2  mil  StratoFilm  Sampl 
Cylinder  Axis  Parallel  to  Machine  Direction.  0  lb. 
Temperature,  78°F 


»- - (Ml) 

Figure  .  ?.  8.  Safe  Stress  Chart  for  2  mil  StratoFilm 
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deformation  vs  time  curves  change  from  those  of  uniform  creep  to  curves  which 
show  a  highly  accelerated  rate  of  deformation.  This  behavior  is  shown  in  Figure 
17.  7,  a  set  of  creep  curves  for  2.0  mil  StratoFilm  samples  with  the  cylinder  axis 
parallel  to  the  machine  direction.  It  was  therefore  decided  to  consider  the  stress 
value  at  which  this  abrupt  transition  takes  place  as  the  "failure"  stress. 

Using  this  new  definition  of  failure,  which  is  felt  to  be  relevant  for  balloon 
films,  the  results  of  teats  at  various  biaxial  stress  ratios  can  be  presented  by 
plotting  the  limiting  curve  in  a  system  of  rectangular  coordinates  in  which  the 
coordinates  represent  the  machine  and  transverse  direction  stresses.  Figure  17.8 
is  a  "safe'1  stress  chart  for  2.0  mil  StratoFilm  at  various  launch  and  high  altitude 
type  temperatures.  The  failure  stress  seems  to  be  almost  entirely  independent  of 
the  biaxial  stress  ratio. 

If  for  each  balloon  film  a  "safe"  stress  chart  such  as  is  presented  in  Figure 
17.8  is  produced  for  a  complete  range  of  flight  temperatures,  and  temperature  is 

correlated  to  altitude  through  a  knowledge 


Figure  17.9.  Proposed  Failure 
Surface  for  Balloon  Design  and 
Analysis 


of  atmospheric  conditions,  the  "safe"  stress 
characteristics  can  be  presented  as  a  sur¬ 
face  in  stress  -  altitude  space  (Figure  17.9). 
In  order  to  analyze  proposed  balloon  de¬ 
signs,  the  balloon  designer  need  only  choose 
a  point  on  the  balloon  skin  that  he  might 
consider  critical  and  plot  its  stress  va  alti¬ 
tude  characteristics  as  a  curve  in  stress  - 
altitude  space.  As  long  as  this  curve  is 
inside  the  limiting  surface  of  "safe”  stresses, 
it  is  reasonable  to  assume  that  the  design  is 
safe.  Further  details  on  this  failure  stress 


criterion  can  be  found  in  a  report  by  Alexan¬ 


der  and  Murthy  (1968). 


17.3.2  Cold  Tewpcrstare  Testing 


In  a  search  for  causes  of  failure  of  plastic  balloons,  an  experiment  which  si¬ 
mulates  the  stresses  and  temperatures  in  part  of  a  balloon  during  launch  and  ascent 
was  conceived,  and  then  tests  using  a  number  of  balloon  films  were  conducted 
(Kerr  and  Alexander  (1968).  In  the  test,  a  film  cylinder  is  preloaded  axially  at  a 
temperature  encountered  at  launch,  for  some  time  interval,  then  it  is  cooled  to  a 
typical  tropopause  temperature  and  pressurized  until  it  bursts.  It  was  found  that 
because  of  the  preloading,  the  strength  of  the  samples  deteriorates;  the  degree  of 
deterioration,  varying  from  one  film  to  another,  being  dependent  upon  preload 
lime,  temperature  and  stress;  and  that  the  failure  type  changes  from  ductile  to 
brittle. 
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Figure  17. 11.  Effect  of  Various  Preloading  Stresses  and  Strains  on  the  Cold 
Temperature  Strength  Deterioration  of  StratoFilm 
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Since  this  effect  was  first  noted,  more  than  700  tests  have  beers  performed 
with  many  different  Him  samples  in  an  attempt  to  explain  this  phenomenon  and  to 
correlate  the  results  with  actual  balloon  experience.  Since  each  test  is  represented 
by  23  separate  pieces  of  information,  it  has  been  found  to  be  quite  helpful  to  do  the 
sorting  and  searching  for  possible  correlations  using  a  high-speed  digital  computer. 
A  program  has  been  written,  and  is  in  operation  on  the  Stevens  Institute  PDP-10 
machine,  which  sorts  the  data  on  command  and  graphs  the  sorted  data  sets  as  de¬ 
sired.  A  few  examples  of  the  results  of  this  investigation  are  shown  in  Figures 
17. 10  and  17. 11.  Figure  17. 10  shows  a  graph  of  burst  stress  vs  preload  stress 
for  2  mil  StratoFilm  that  has  been  preloaded  at  110°F  for  120  minutes  and  burst 
at  -70°F  after  being  allowed  to  cool  for  15  minutes.  The  burst  stress  is  found  to 
decrease  as  the  preload  stress  is  increased,  going  to  zero  at  the  failure  stress 
established  in  the  report  by  Alexander  and  Murthy  (1968).  This  curve  can  be  used 
to  put  a  realistic  limit  on  the  meridional  loading  allowed  in  a  balloon  for  this  film. 

In  an  effort  to  discover  if  the  uniaxial  creep  strains  at  preloading  are  the 
determining  factor  in  this  burst  strength  degradation.  Figure  17.  11  was  prepared. 
Here  it  is  found  that  when  1.5  mil  StratoFilm  is  preloaded  so  that  its  creep  strains 
are  similar  to  those  of  the  2-mil  StratoFilm,  the  burst  stress  deterioration  of  the 
two  films  is  similar,  whereas  when  they  are  preloaded  so  that  their  preload 
stresses  are  similar  the  burst  stress  deterioration  characteristics  are  quite  dif¬ 
ferent.  The  physical  explanation  for  this  phenomenon  is  the  subject  of  an  investi¬ 
gation  by  Weissman  (1970).  However,  from  an  engineering  point  of  view,  it  can 
be  immediately  applied  in  a  determination  of  the  suitability  of  plastic  films  for 
balloon  use. 

Using  the  torsional  fatigue -testing 
machine,  it  was  found  that  those 
samples  of  polyethylene  film  that  had 
deteriorated  burst-strengths  due  to  pre- 
loading  tended  to  crack  during  twisting 
at  cold  temperatures,  while  those  that 
had  not  Deen  preloaded  remained  ductile 
even  after  twisting  for  2  hours  at  -70°F. 

This  result  seems  to  further  demonstrate 
the  brittle  character  of  the  preloaded 
samples.  Recently,  preliminary  torsion 
tests  on  mylar-scrim  samples  indicated 
that  these  materials  are  extremely 
sensitive  to  twisting  at  cold  tempera¬ 
tures.  Many  samples  shattered  at  a 
very  low  stress  level  after  twisting  for 


Figure  17.12.  Shattered  Mylar- 
Scrim  Sample  of  Film  Used  in  the 
CRISP  Balloon  Series 


as  little  as  20  minutes  at  -70°F.  A  typical,  failed-sample  is  shown  in  Figure 
17. 12.  Recent  failures  in  the  CRISP  balloon  series  may  be  traced  to  this  effect. 

17.3.3  The  Failure  Characteristics  of  Very  Thin  Polyethylene  Filas 

The  requirement  of  attaining  very  high  float  altitudes  has  caused  balloon  film 
manufacturers  to  produce  very  thin  films  (»  0. 3-*0.  5  mils).  Samples  from  two 
different  batches  of  one  such  film,  0.35  mil  StratoFilm,  were  submitted  to  the 
Laboratory  by  Winzen  Research,  Inc.  for  evaluation  as  a  balloon  film.  To  our 
knowledge,  this  film  is  extruded  from  the  same  resin  as  the  presently  used  Strato¬ 
Film  of  other  thicknesses.  For  convenience,  the  samples  will  be  referred  to  as 
coming  from  batches  1  (old)  and  2  (new).  The  samples  were  provided  in  layflat 
tubes  with  seals  on  either  side.  The  film  thickness,  according  to  measurements 
made  by  Winzen  Research,  varied  from  0.35  to  0.41  mil. 

The  film  was  tested  uniaxially  in  strips  cut  from  the  tubes  in  both  the  ma¬ 
chine  and  transverse  directions,  and  biaxially,  by  inflating  the  tubes .  Using  the 
failure  stress  criterion  of  Alexander  and  Murthy  (1968),  it  was  found  that  the 
failure  stress  was  identical  to  that  of  2  mil  StratoFilm.  The  ultimate  rupture, 
however,  was  found  to  be  different  in  batch  1  than  it  was  in  batch  2.  Batch  2  ex¬ 
hibited  extensive  necking  and  thinning  as  with  2  mil  film,  while  batch  1  ruptured 
at  relatively  small  strains  with  the  appearance  of  small  holes.  Low  temperature 
tests  at  -70°F  yielded  similar  results.  Batch  2  reacted  very  much  the  way  2  mil 
StratoFilm  reacts,  while  batch  1  samples  ruptured  at  relatively  small  strains  with 
the  opening  of  small  holes  at  a  stress  level  a  little  lower  than  the  batch  2  film, 

»  4300  psi.  No  evidence  of  brittleness  was  observed  in  either  film. 

Uniaxial  tests  were  performed  on  the  Instron  tensile  tester  with  1  inch  wide 
by  2  inch  long  samples  at  20  inches  per  minute.  The  results  of  these  tests, 
presented  in  Figure  17. 13  indicated  that  the  batch  1  film  is  highly  oriented  in  the 
machine  direction  while  the  batch  2  film  has  orientation  that  is  closer  to  the  equi- 
biaxial  orientation  of  the  2  mil  StratoFilm,  giving  it  much  greater  ultimate 
elongation. 

These  findings  seem  to  be  in  accord  with  an  extensive  study  conducted  by 
General  Mills,  Inc.  (1951)  in  which  they  were  able  to  obtain  from  the  extruder  de¬ 
tailed  information  regarding  the  manufacturing  of  their  tested  films.  They  found 
that  "films  extruded  with  nearly  equal  elongation  in  both  machine  and  transverse 
directions  showed  that  the  strength  of  the  film  was  30  to  75  percent  stronger  and 
tougher  than  previous  standard  films . " 

For  a  high  altitude  balloon,  these  properties  possessed  by  equally  oriented 
films  —  greater  ultimate  strength  and  ability  to  withstand  large  elongations  — 
could  make  the  difference  between  successful  and  unsuccessful  flights.  It  is 
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Figure  17, 15,  Uniaxial  Creep  of  Strato- 
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Figure  17. 16.  Biaxial  Creep  of 
StratoFilm  K 
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recommended  that  the  manufacturers  of  balloon  films  should  make  every  effort 
to  avoid  the  production  of  highly  uniaxially  oriented  films,  even  though  this  might 
be  difficult  to  accomplish  when  producing  very  thin  films, 

1 7.11.4  Evaluation  of  Nea  Plastic  Films  for  L  so  in  High  Altitude  Balloons 

17.3.4.1  STRATOFILM  K 

StratoFilm  K  is  a  film  submitted  by  Winzen  Research,  Inc.  for  evaluation  as 
a  balloon  film.  It  is  extruded  from  a  polyurethane  elastomer  which  is  marketed 
under  the  trade  name,  Estane,  by  the  B.  F.  Goodrich  Chemical  Company.  Estane 
is  a  partially  crystalline  material  that  has  a  fairly  prominent  viscoelastic,  rubber¬ 
like  response,  but  it  exhibits  definite  yielding  very  much  like  that  of  polyethylene. 
Its  response  to  loading  is  a  cross  between  that  of  a  rubber  and  a  thermoplastic. 

The  film  was  provided  in  15 -inch,  layflat  tubes  sealed  along  both  edges.  It 
was  tested  uniaxially  in  strips  cut  from  the  tubes  in  both  the  machine  and  trans¬ 
verse  directions,  and  biaxially,  by  inflating  the  tubes.  Due  to  the  prominent 
viscoelastic  response  of  the  material,  the  room  temperature  properties  were  de¬ 
termined  through  creep  testing.  The  results  of  the  uniaxial  tests  are  shown  in 
Figures  17. 14  and  17. 15.  Fairly  low  stress  valves  (1200  psi)  cause  very  large 
strains.  In  fact,  there  is  a  definite  yield  between  800  and  1000  psi  as  is  indicated 
by  the  sudden  increase  in  the  long  time  elongation.  However,  increased  stress 
levels  result  in  a  strain  hardening  with  an  ultimate  tensile  strength  of  5,  000  psi. 
The  biaxial  tests,  performed  at  various  constant  inflation  pressures  with  no  axial 
load,  yielded  little  additional  information  due  to  the  occurrence  of  tensile  in¬ 
stabilities  at  rather  low  nominal  stress  values.  Figure  17. 16  contains  these 
curves  which  are  very  similar  to  the  hypothetical  curves  presented  by  Kerr  (1965). 
The  biaxial  testa  yielded  no  additional  information  about  ultimate  strength,  but 
they  did  indicate  that  the  seals  were  at  least  *»»  strong  as  the  material. 

Low  temperature  tests  were  performed  in  the  Arctic  Wind  Tunnel  of  the  U.  S, 
Army  Natick  Laboratories  at  -70°F,  The  cylinders  were  inflated  after  being 
allowed  to  cool  for  iS  minutes.  Although  the  burst  strength  was  quite  high,  750C 
psi,  the  material  was  extremely  brittle.  It  is  completely  unworkable  at  tropopause 
temperatures. 

The  conclusion  drawn  from  these  various  tests  is  that  this  material,  due  to 
its  high  elongation  at  fairly  low  stresses  at  high  temperatures,  is  unsuitable  for 
use  in  standard  design,  natural  shape  balloons.  It  may  be  useful  in  the  production 
of  an  expandable -type  balloon  as  long  as  extension  or  flexing  is  not  required  at 
tropopause  temperatures. 
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17.3.4.2  PERFLEX  B-100 

Tests  were  performed  on  samples  of  a  new  Union  Carbide  plastic  film  (trade 
name  -  Perflex  B-100)  in  order  to  determine  its  suitability  for  use  in  the  produc¬ 
tion  of  high  altitude  balloons  (Alexander  and  Weissman,  1969).  Both  2.0  and  1.0 
mil  samples  were  tested  in  order  to  determine  their  mechanical  properties,  both 
time  independent  and  time  dependent,  at  both  launch  and  tropopause  temperatures; 
In  addition,  the  suitability  of  various  types  of  seals  was  also  investigated  in  these 
two  critical  temperature  ranges. 

The  films  were  tested  uniaxially  at  room  temperature  (75°F)  using  strips  cut 
in  both  the  machine  and  transverse  directions.  The  tests  were  run  on  the  Instron 
tensile  testing  machine  at  three  rates  of  elongation  and  in  a  step-loading  procedure 
by  hanging  dead  load  weights.  The  experimental  points  «h**ined  by  the  latter 
method  are  long  time  equilibrium  deformations.  Figures  17. 17,  17.18,  17. 19  and 
17.20  contain  the  engineering  stress  (force/original  cross-sectional  area)  versus 
A  (deformed  length /original  length)  characteristics  obtained  from  these  various 
tests.  The  results  of  these  tests  indicate  that  this  material  is  almost  equi- 
biaxially  oriented,  is  not  highly  dependent  upon  strain  rate  (exhibits  very  little 
creep)  and  is  much  stronger  than  presently  used  balloon  films. 

Cylinder  inflation  tests  at  launch  temperatures  indicated  that  the  films  could 
withstand  up  to  6000  psi  circumferential  engineering  stress  with  a  circumferential 
extension  of  w  1.35  at  which  time  a  creep  tensile  instability  occurred.  This  type 
of  instability  is  a  function  of  the  geometry  of  the  cylinder  as  well  as  the  material 
properties.  It  is  quite  probable  that  the  films  can  withstand  even  higher  stresses 
under  biaxial  loading.  It  was  noted  however,  that  all  failures  initiated  at  a  crease 
in  the  tube. 

Cold  temperature  cylinder  inflation  tests,  in  the  Arctic  Wind  Tunnel  of  the 
U.S.  Army  Natick  Laboratories  at  -70°F,  both  with  and  without  high  temperature 
preloaditg,  indicated  failures  for  the  2  mil  film  at  14,  200  psi  and  at  18,  000  psi 
for  the  1  mil  film  without  preloading.  After  preloading  with  approximately  1, 600 
pel  axial  stress  at  110°F  for  100  minutes,  the  failure  stress  at  -70°F  was  found  to 
drop  to  12, 800  psi  for  the  2  mil  film  and  to  13, 960  psi  for  the  1  mil  film.  All 
failures  were  very  ductile  with  fairly  large  elongation,  indicating  absolutely  no 
cold  brittleness  problem. 

These  films  were  sealed  by  Wlnxen  Research  using  a  band-type  sealer  with 
overlay  strips,  by  Raven  Industries  using  a  hot-jet  sealer  with  no  additional  ma¬ 
terial  in  the  seal  area,  and  by  Union  Carbide  using  a  Weldotron  stationary  type 
sealer.  Biaxial  tests  of  these  seals  Indicated  that  neither  the  Winsen  or  the  Raven 
seals  had  better  than  50  percent  material  strength.  The  Union  Carbide,  Weldo¬ 
tron  seals  were  found  to  sometimes  have  100  percent  material  strength. 
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Figure  17. 17.  2  mil  Perflex  B-100  in  Figure  17. 18.  2  mil  Perflex  B-100  in 

Uniaxial  Extension.  Machine  direction.  Uniaxial  Extension.  Transverse  direc- 
(lnstron  tests  are  on  4  inch  samples)  tion.  (Instron  tests  are  on  4  inch  samples) 


Figure  17.19.  1  mil  Perflex  B-100  In  Figure  17.20.  1  mil  Perflex  B-100  in  • 

Uniaxial  Extension.  Transverse  dtrec-  Uniaxial  Extension.  Transverse  direc¬ 
tion.  (Instron  tests  are  on  4  inch  samples)  tion.  (Instron  tests  are  on  4  inch  samples) 
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The  results  of  this  investigation  have  indicated  that  this  new  film,  under  all 
types  of  testing  conditions  is  at  least  3-1/2  times  as  strong  as  presently  used 
balloon  films  with  greater  ductility  at  low  temperatures.  All  indications  are  that 
it  will  be  an  excellent  balloon  barrier  material.  If  the  ’Veldotron  type  seal  can  be 
made  in  a  continuous  seal,  the  one  remaining  obstacle  to  the  immediate  use  of  this 
film  in  balloon  production  will  have  been  solved. 


17.4  RECOMMENDATIONS  FOR  A  REMSION  OF  THE  BALLOON  SPECIFICATIONS 
MIL-P-4640A 


The  present  balloon  specifications  of  the  U.S.  Air  Force  MIL-P-4640A  (USAF) 
are  based  on  studies  conducted  by  General  Mills,  Inc.  for  the  U.S.  Air  Force  dur¬ 
ing  the  early  nineteen  fifties.  These  specifications  were  written  essentially  for  a 
specific  film,  DFD  5500,  which  at  that  time  was  the  predominant  material  used  in 
the  fabrication  of  balloons . 

The  recent  development  and  use  of  new  balloon  films,  the  large  number  of  bal¬ 
loon  failures  in  the  early  19fi0's  (all  of  barrier  materials  which  passed  the 
prescribed  tests),  and  the  ever  increasing  demand  for  larger  balloons,  necessitate 
the  complete  revision  of  that  part  of  the  balloon  specifications  which  deals  with  the 
strength  of  the  balloon  films  and  seals.  Based  on  the  findings  referred  to  in  this 
report,  as  well  as  upon  the  finding  of  relevant  studies  conducted  before  by  others, 
a  revised  test  program  has  been  recommended.  It  is  expected  that  these  recom¬ 
mendations  will  initiate  a  discussion  among  film  producers,  balloon  manufacturers, 
balloon  users,  mechanics  and  materials  scientists,  and  the  AFCRL  and,  thus, 
create  a  rational  basis  for  the  planned  revisions. 

It  has  been  recommended  that,  in  order  to  qualify  as  a  balloon  material,  a 
submitted  film  should  be  subjected,  at  least,  to  the  following  tests: 

(1)  Uniaxial  tensile  tests  at  room  temperature  in  both  the  machine  and  trans¬ 
verse  directions,  as  is  described  in  Section  17.3.3  above,  ir.  order  to  determine 
the  degree  of  uniaxial  orientation,  and  the  ultimate  strength  and  elongation  proper¬ 
ties. 

(2)  Biaxial  tests  at  launch  temperatures  in  order  to  establish  a  "safe"  stress 
as  is  described  in  Section  17.  3. 1  above. 

(3)  Biaxial  tests  at  tropopause  temperatures  in  order  to  establish  the  burst 
strength  and  the  degree  of  deterioration  accomplished  by  uniaxial,  launch  tempera¬ 
ture  preloading. 

(4)  Mutilation  and  fatigue  tests  at  tropopause  temperatures  in  order  to  deter¬ 
mine  the  ability  of  both  preloaded  and  non-preloaded  samples  to  withstand  cold 
temperature  flexing. 
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(5)  A  senes  of  resin  characterization  tests,  such  as  gel  permeation  chromo- 
tography,  to  establish  molecular  weight  density  distribution,  infra-red  absorption 
testing  to  establish  molecular  composition,  and  differential  thermal  analysis  to 
obtain  melting  point  data,  (These  test  results,  upon  reproduction  at  a  future  date 
on  different  batches  of  film,  will  assure  that  the  same  basic  resin  is  used  for  all). 

The  complete  details  of  these  recommendations  can  be  found  in  a  report  by 
Kerr  and  Alexander  (to  be  published  as  a  Stevens  Institute  Report). 


17,5  CONCLUSIONS  AND  FUTURE  ACTIVITIES 

As  was  pointed  out  in  the  introduction  of  this  report,  the  Laboratory  for 
Balloon  Technology  was  established  for  the  purpose  of  having  available  to  the 
AFCRL,  and  the  balloon  community  at  large,  a  research  and  testing  facility 
specifically  designed  to  aid  in  the  qualification  of  materials  as  balloon  films  and 
in  the  design  and  analysis  of  balloon  structures.  The  initial  establishment  period 
has  been  described  in  this  report.  It  is  now  felt  that  the  methods  of  attack  of  the 
Laboratory  to  various  balloon  problems  have  been  proven  out  by  the  experiences 
described  above.  It  is  hoped  that  in  the  years  to  come,  the  Laboratory  for  Balloon 
Technology  of  Stevens  Institute  will  make  many  more  contributions  to  balloon 
research  and  development.  It  is  planned  in  the  near  future  to  broaden  the  acti¬ 
vities  of  the  Laboratory  to  include  suggested  improvements  in  scrim -reinforced 
films,  and  investigations  into  the  feasibility  of  high-altitude  expandable  balloon 
systems,  as  well  as  to  continue  the  important,  task  of  establishing  qualification 
criteria  for  various  balloon  barrier  materials. 
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18.  A  Listing  of  Computer  Programs 
Available  at  NCAR  for  Solving 
Recurring  Problems  in  Ballooning 

J.M.  Angavina 
National  Cantar  (or  Atmospheric  Research 
Boulder,  Colorado 


18.1  INTRODUCTION 

As  one  of  the  primary  missions  under  its  contract  with  the  National  Science 
Foundation,  NCAR  is  involved  in  numerical  modeling  of  the  general  circulation  of 
the  atmosphere  with  the  goal  of  improving  long-range  weather  forecasting.  To 
handle  the  number  of  calculations  necessary  for  even  a  modest  model,  and  to  make 
the  calculations  in  a  reasonable  length  of  time,  NCAR  has  installed  in  its  Mesa 
Laboratory  a  Control  Data  Co.  6600  computer.  The  computer  is  managed  by  the 
NCAR  Computing  Facility  which  also  maintains  a  competent  staff  of  programmers. 
This  Facility  and  its  staff  are  available  for  the  use  of  other  NCAR  groups  in  addi¬ 
tion  to  the  scientists  working  on  General  Circulation.  For  the  convenience  of  the 
NCAR  staff  in  the  30th  street  building,  which  is  across  town  from  the  Mesa  Labora¬ 
tory,  a  General  Electric  time-sharing  terminal  is  available  with  access  to  the 
Mark  II  system. 

The  Balloon  Facility  has  built  up  a  group  of  programs  for  these  computers  to 
solve  problems  which  are  likely  to  recur  in  the  Ballooning  Industry.  This  paper 
contains  a  very  brief  outline  of  some  of  these  programs.  They  are  available  on 
request,  on  an  "as -is"  basis,  or  to  fulfill  legitimate  scientific  ballooning  needs; 
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they  can  be  run  on  the  NCAR  computers  by  a  Balloon  Facility  staff  member  on 
request  to  the  Manager  of  the  Facility.  The  programming  language  for  the  6600  is 
Fortran  IV  with  some  extensions  and  modificationo .  The  Mark  II  System  uses 
Fortran  IV. 

It  is  beyond  the  scope  of  this  paper  to  give  derivations  or  equations.  The  em¬ 
phasis  is  on  results  to  be  expected  from  the  programs  rather  than  on  their  mathe¬ 
matical  basis,  but  wherever  possible  references  are  given  for  use  in  researching 
the  background  of  any  program  more  deeply.  In  addition,  the  programmer's  name 
is  Included  with  each  description.  Any  of  these  people  will  be  happy  to  discuss 
the  programs  if  more  information  is  needed. 


18.2  LIFT  TABLES 

18.2.1  Heliua  Lift 

Programs  KELCYL  and  KBOTTL 

18.2.1.1  PROGRAMMER 

Jack  M.  Angevine. 

18.2.1.2  DESCRIPTION 

This  group  of  programs  was  originated  to  up-date  the  available  information 
on  the  amount  of  lift  obtained  from  a  given  pressurized  cylinder  when  the  gas  is 
released  starting  from  a  known  temperature  and  pressure,  and  stopping  at  another 
temperature  and  pressure. 

Helium  properties  over  the  appropriate  ranges  of  temperature  and  pressure 
were  calculated  from  three  separate  sources  (Keesom,  1942;  Miller  et  si,  1961; 
and  Akin,  1950),  with  three  separate  programs,  and  the  results  compared  with 
published  tables  from  four  sources  (Mann,  1962b;  Miller  et  al,  1961;  Simmons, 
1980;  and  Wilson,  1960).  The  conclusion  of  this  investigation  was  that  Keesom's 
Helium,  (1942),  is  the  most  reliable  theoretical  work  and  that  of  the  experimental 
work  of  Miller  et  al  (1961)  at  the  Bureau  of  Mines  provides  the  best  data  available. 
These  two  sources  correlated  very  closely.  Since  the  empirical  equation  pre¬ 
sented  by  Miller  is  simple  and  easy  to  work  with,  it  was  chosen  for  the  program. 

The  change  in  Internal  sise  of  a  cylinder  because  of  changes  in  temperature 
is  determined  by  multiplying  the  coefficient  of  thermal  expansion  by  the  dimension 
and  the  temperature  difference. 

Elastic  deformation  of  the  cylinder  caused  by  internal  pressure  is  /ouud  by 
using  standard  stress  equations  (Roark,  1965),  and  combining  these  with  stress- 
strain  relations  Involving  Young's  Modulus  and  Poisson's  ratio. 


199 


The  resulting  tables  show  the  amount  of  lift  available  in  the  cylinder  at  speci¬ 
fic  temperatures  and  pressures.  Generally  the  cylinder  Is  not  completely  drained 
and  the  quantity  remaining  In  the  cylinder  at  the  new  temperature  and  pressure 
must  be  subtracted  from  the  original  amount  to  calculate  the  lift  available  from 
the  amount  expelled. 

Methods  of  determining  temperatures  and  pressures  of  the  gas  In  the  cylinder 
are  beyond  the  scope  of  this  paper.  All  amounts  calculated  by  these  methods  as¬ 
sume  accurate  knowledge  of  temperature  and  pressure  and  that  they  are  at  steady 
state. 

18.2.1.3  DATA  REQUIRED 

There  are  two  main  programs  available  to  generate  lift  tables .  They  differ 
only  in  the  method  used  to  determine  wall  thickness  of  the  cylinder.  In  Program 
KELCYL  the  wall  thickness  is  calculated  in  the  program  from  the  weight  and 
length  given.  In  Program  KBOTTL,  wall  thickness  Is  an  Input  quantity  and  bottle 
weight  and  length  are  Included  for  reference  only. 

The  data  required  are  as  shown  in  Table  18. 1. 


Table  18. 1.  Data  Required  for  Lift  Programs 


Identification  of  cylinder  or  bottle  -  up  to  50  characters 
Material  identification  -  up  to  50  characters 

Water  volume  -  cubic  feet  for  KELCYL,  cubic  inches  for  KBOTTL 

Outside  diameter  -  inches 

Length  -  feet 

Cylinder  weight  -  pounds 

Wall  thickness  -  inches,  for  KBOTTL  only 

Young's  Modulus 

Coefficient  of  thermal  expansion 

Poisson's  ratio 

Base  temperature  for  thermal  expansion 
Molecular  weight  of  air 
Molecular  weight  of  helium 
Compressibility  of  air  at  inflation  conditions 
Compressibility  of  helium  at  inflation  conditions 
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18.2.1.4  RESULTS 

Tables  may  be  generated  In  several  formats  and  with  various  units  depending 
on  the  needs  of  the  user.  The  options  available  are  listed  In  Table  18.2.  A  choice 
of  one  muft  be  made  at  the  time  the  program  is  submitted. 


Table  18.2  .  Options  for  Table  Format  and  Units 


Medium 

Film,  35  mm  cathode  ray  tube  photographs 
Paper,  11  x  15  in. 

Both  film  and  paper 

Pressures 

Initial 

Total  number 
Interval 

Pressure  Units 

PSIG 

PSIA 

Atmospheres 

Temperatures 

Initial 

Total  number 
litter  val 

Temperature  Units 

Deg.  Rankine 
Deg.  Fahrenheit 
Deg.  Kelvin 
Deg.  Celsius 

Number  of  columns  and  number  of  lines  on  each  page 
(maximum  of  6  columns  and  50  lines) 

Units  of  Lift 

Pounds 

Grams 


The  first  page  of  results  lists  the  input  quantities  and  also  shows  several  values 
calculated  for  reference  Including  ratio  of  diameter  to  wall  thicknesr,  water  vol¬ 
ume  converted  to  other  units  and  helium  properties  at  standard  conditions.  Table 
18. 3.  Succeeding  pages  consist  of  the  tables  in  the  format  and  units  called  for, 
Figure  18. 1.  Note  that  there  are  no  lines  separating  columns  and  that  one  column 
of  pressures  is  associated  with  the  next  column  containing  lift.  To  avoid  confusion, 
lines  should  be  drawn  on  the  tables  to  separate  adjoining  unrelated  columns. 
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Table  18.3.  First  Page  of  Results 


Table  for  lift  of  helium  in  average  tube  from  38  tube  Trailer  No.  BT  1 

Nominal  Properties 

Tube  Weight 

785  pounds 

Wall  Thicknesb 

.  329  inches 

Tube  Outside  Diameter 

9.  63  inches 

Dia/Wall  Ratio 

29.2 

'Tube  Length 

24. 00  feet 

Tube  Water  Volume 

17514.  66  cubic  in. 

Tube  Water  Volume 

10. 1358  cubic  ft. 

Steel  Intermediate  Manganese 

(1041  +  .2  SI) 

Young's  Modulus 

29300000  psi 

Linear  Thermal  Expansion 

.00000628  in/in/ F 

Poisson's  Ratio 

.288 

Helium  Properties  at  70  deg  F  and  1  Atmosphere 

Unit  Lift 

6.2421083  lb/ lb  HE 

Specific  Volume 

96.672394  Ft3/lb 

Compressibility 

1.0004890 
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Figure  18. 1.  Example  Page  of  Lift  Table 


18.2.1.5  VALIDATION 

The  results  of  these  programs  have  been  checked  against  existing  tables  and 
found  to  give  consistently  greater  values  for  lift.  As  examples,  at  1490  pslg  and 
-10°C  the  difference  Is  2.  7  percent  and  at  +30°  it  is  2.9  percent.  The  difference 
Is  greater  at  lower  pressures  and  less  at  higher  pressures.  Carefully  measured 
superpressure  balloon  inflations  have  verified  this  difference,  but  the  absolute 
accuracy  of  the  tables  is  still  not  known  because  of  the  difficulty  of  getting  ac¬ 
curately  the  water  volumes  of  a  run-of-the-mill  group  of  small  cylinders.  Until 
a  controlled  test  is  run  using  known  water  ••olume,  the  absolute  accuracy  will  re¬ 
main  in  doubt.  For  some  large  cylinders,  the  water  volume  and  other  character¬ 
istics  can  be  found  from  manufacturer's  records.  But  the  difficulty  of  measuring 
the  lift  accurately  again  renders  the  problem  troublesome.  At  this  time  there  is 
no  plan  to  make  controlled  tests  for  further  validation. 

18.2.2  Hydrogen  Lift 

Program  H2LIFT 

18.2.2.1  PROGRAMMER 

Jack  M.  Angevine 

1 8.  2.  2.  2  DESCRIPTION 

This  program  is  identical  to  the  helium  lift  program  KBOTTL  Including  the 
same  calculations  for  thermal  and  pressure  effects  on  cylinder  volume.  It  is  used 
for  those  cases  where  wall  thickness  of  the  cylinder  is  known  rather  than  calculated 
in  the  program. 

Hydrogen  properties  are  taken  from  Wooley  et  al  (1932).  Comparisons  were 
made  with  NBS  circulars  120  (Dean)  and  584  (Hilssnrath  et  al,  1982)  and  agree¬ 
ment  was  found  to  be  good.  Another  method  (deGraaf)  was  also  compared  with 
good  agreement,  but  the  *nsth'-d  of  Wocley  le'-'te  itself  better  to  the  treat¬ 

ment  required  here. 

Cylinder  volume  Is  corrected,  as  for  the  helium  tables,  for  pressure  and 
temperature  deformation. 

Lift  is  calculated  as  for  the  helium  tables  with  molecular  weight  of  hydrogen 
taken  from  the  1982  Standard  Atmosphere  (1982)  as  2.01594. 

18.2.2.3  DATA  REQUIRED 

The  date  required  for  the  hydrogen  lift  program  Is  the  same  as  that  required 
for  the  KBOTTL  Program,  Table  18. 1, 


18.2.2.4  RESULTS 


Results  appear  in  the  same  form  and  with  the  same  options  described  in 
Tables  18.2  and  18.3,  and  Figure  18.1. 

18.2.2.5  VALIDATION 

Calculated  gas  properties  agree  well  with  published  properties,  but  there  has 
been  no  attempt  to  run  test  inflations  under  controlled  conditions  to  validate  the 
tables. 

18.3  LAUNCH  OPERATIONS 

18.3.1  Cable  Restraint 

Programs  LAUNCH,  CLANCH,  LNPROC,  GRAPHS 

18.3.1.1  PROGRAMMERS 

Jack  M.  Angevlne  and  David  W.  Fulker 

18.3.1.2  DESCRIPTION 

In  planning  a  launch  operation  involving  a  tandem  balloon  system  which  is  to 
be  restrained  by  a  cable,  it  is  important  to  know  the  forces  exerted  at  various 
points  in  the  system.  These  programs  provide  mathematical  models  to  predict 
these  forces,  and  also  provide  for  displays  of  this  information  in  a  manner  useful 
to  the  planner  of  the  operation. 

A  typical  cable-restrained  tandem  balloon  system  Is  depicted  in  Figure  18.2. 
It  is  assumed  that  the  launch  array  is  set  up  parallel  to  the  wind  (with  the  wind 
blowing  from  either  direction)  and  that 
there  are  no  side  forces. 

Forces  acting  on  the  balloon  system 
are  buoyant  lift,  aerodynamic  lift  and 
drag,  weight,  and  the  restraining  ten¬ 
sions  of  the  train  and  stay.  Calculation 
of  the  total  forces  acting  on  the  train  and 
on  the  stay  is  complicated  by  variations 
in  lift,  drag,  and  weight  along  their 
lengths.  These  variations  are  taken 
into  account  by  considering  the  train 
and  stay  as  being  divided  into  a  finite 
number  of  small  segments,  each  con¬ 
tributing  its  own  weight  and  aerodynamir 


Figure  18.2.  A  Cable -Restrained 
Balloon  System 
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characteristics.  Force  calculations  can  be  made  as  accurately  as  required  by 
varying  the  size  of  these  segments. 

The  complete  derivation  of  the  force  analysis  and  a  full  description  of  the 
computer  programs  is  given  in  NCAR  Technical  Note  TN-4?  (Angevine  et  al,  1970). 

18.3.1.3  DATA  REQUIRED 

There  are  two  major  programs,  each  with  two  options  as  to  the  method  of 
handling  the  payload.  One  program  evaluates  the  case  In  which  the  distance  between 
payload  and  winch  will  be  fixed  during  the  operation;  the  second  considers  the  case 
in  which  the  distance  between  payload  and  winch  may  be  varied.  Both  can  accom¬ 
modate  either  a  vehicle-supported  payload  or  a  Stonehenge-handled  payload. 


LAUNCH  MANNUr-STONCHtNO*  CANLf  .(ST..IKCD  LAUNCH . 

•0?M  BfNSIIT  OB  AIR  IN  POUNOS  BCR  CUBIC  BOOT 

.A  CMPriCICNf  OB  AIR  0RA6  ON  T H*  BALLOON . 

. &i  -  - 

24,  TOTAL  NO.  Of  ANCHORS 

9.  no.  or  iHCLuwo  empty  anchors 

.**9  THICKNESS  or  ANCHOR  LINES  IN  tNCKES 
.t 2  DENSITY  or  ANCHOR  LINES  IN  POUNOS  Ptft  FOOT* 

- fcaama  m  m 

19.  MCI  GMT  or  PAYLOAD  IN  FEET 

stro.  weight  or  PAYLOAD  IN  POUNDS 

si. m  length  or  extension  line  in  feet 

19.  WE  I  GMT  or  EXTENSION  LINT  IN  pounds 

«.ft08  GROUNO  SLOPE  If T./FT. I  ♦  ff  WINCH  ABOVE  PAYL0A0 

- m; - Tsui  nuiffiiNCTM  wnn - 

1.0  INTEGRA? I  ON  STfP  SIZE  FOR  TRAIN  SIDC  IN  PECT 

9  NO.  OF  SECTIONS  OP  CONStAMT  THICKNESS 

1.  as.  THICKNESS  (FT.)  ANO  LENGTH  |FT.)  OF  SECTION 

2.  SO.  •  THICKNESS  (FT.)  AND  LENGTH  (FT.)  OF  SECTION 

•  4**6  261.  THICKNESS  (FT.)  ANO  LENGTH  (FT.)  OF  SECTION 

- 9 - NO.  or  SECTIONS  OP  C0N5T1NT  PENS  ITT - 

•0.  as.  TOTAL  WEIGHT  (LBS.)  ANO  LENGTH  IFT.l  OF  SECTION 

120.  SO.  TOTAL  WEIGHT  UBS.)  AND  LENGTH  fPY.)  OF  SfCTTCH 

ioa«.  268.  total  weight  (lbs.)  and  length  ift.i  or  section 

0.0  weight  or  TRANSFER  FITTING  IN  POUNDS 
_  212.  |W  _ 

2900.  HORIZONTAL  CROSS  SECTION  OF  BALLOON  IN  SQUARE  FEET 
2*80.  VERTICAL  CROSS  SECTION  OF  BALLOON  IN  SQUARE  PIET 
•429  THICKNESS  OF  STAY  IN  INCHES 
•T?  DENSITY  OF  STAY  |N  POUNDS  PER  FOOT 
1.0  INTEGRATION  STER  SIZE  FOR  STAY  SIDE  !N  FEET 
-  "  4'~  ‘  NUNIFR  ^P  ’WINDS  . 

0.  0.  0.  COEFFICIENTS  OF  WtND  PROFILE  POLYNOMIAL 

0.  .171  .19  C0EPP1CIINTS  OP  WIND  PROFILE  POLYNOMIAL 

ft.  .98*  «)9  COEFFICIENTS  OF  WIND  PROFILE  POLYNOMIAL 

0.  1.883  .99  COEFFICIENTS  OF  WINO  PROFILE  POLYNOMIAL 

.99  DECIMAL  FRACTION  OF  TRAIN  ON  GROUND 

.99  DfClWSt  MTIfTTON  OF  TRAIN  ON  GROUND  - — 

.9  decimal  fraction  OF  TRAIN  ON  GROUND 

.8  DECIMAL  FRACTION  OF  TRAIN  ON  GROUND 

.■»  DECIMAL  FRACTION  OF  TRAIN  ON  GROUNO 

•  6  OFC I  HAL  FRACTION  OF  TRAIN  ON  GROUND 

•9  DECIMAL  FRACTION  OF  TRAIN  ON  GROUND 

.4  DECIMAL  PlACTIDN  OF  TRAIN  ON  GROUND  " 

,9  DECIMAL  FRACTION  OF  TRAIN  ON  GROllNO 

•  2  DECIMAL  FRACTION  OF  TRAIN  ON  GROUNO 

.1  DECIMAL  FRACTION  OF  TRAIN  ON  GROUND 

•01  DECIMAL  FRACTION  OF  TRAIN  ON  GROUNO 

ft.ft  DECIMAL  FRACTION  OF  TRAIN  ON  GROUNO 

O.ft  alpha  IN  DEGREES 

l.n  alpha  In  DEGREES 

9.  ALPHA  IN  DEGREES 


Figure  18.3.  Input  Data  Cards,  Program  LAUNCH  (Stonehenge  Payload 
Support) 


Data  required  for  any  of  these  options  are  nearly  identical.  Weights,  lengths 
and  other  pertinent  Information  about  tha  system  are  entered  as  shown  in  Figure 
18.3.  The  train  Is  divided  into  as  many  sections  as  desired,  each  with  a  weight, 
thickness  and  length.  The  example  in  Figure  18.3  represents  Input  for  the 
LAUNCH  program,  which  calculates  configurations  for  vary'ng  distance  between 
winch  and  payload,  and  In  this  case  the  train  is  assumed  divided  into  three  sections 
of  constant  thickness  and  constant  density. 

18.3.1.4  RESULTS 

Results  from  the  main  programs  appear  in  two  forms  —  as  printed  output 
showing  calculated  values  of  the  variables,  and  as  a  set  of  pictorials  showing  the 
shape  and  relationship  of  the  train,  launch  balloon  and  restraint  cable.  Figure 
18.4  is  an  example  of  the  printed  output  and  Figure  18.5  is  the  pictorial  for  the 
block  of  information  enclosed  in  the  box  in  Figure  18.4. 

Each  of  the  two  main  programs  generates  a  magnetic  tape  which  then  is  used 
as  input  to  an  auxiliary  program  which  can  be  set  up  to  plot  the  values  in  the  most 
meaningful  way.  Examples  of  the  displays  available  from  these  auxiliary  pro¬ 
grams  are  shown  in  Figures  18.6  through  18. 10. 

Figures  18.6  and  18. 7:  Plotted  from  program  LAUNCH,  each  of  these  families 
of  curves  represents  tension  in  the  train  (solid  curves)  and  angle  of  the  lowest  seg¬ 
ment  of  the  train  (dashed  curves)  as  functions  of  distance  between  payload  and 
winch,  apparent  train  angle  and  restraint  cable  length.  Any  combination  of  variables 
may  be  plotted  by  simple  changes  to  subroutines . 

Figures  18.8,  18.9,  and  18. 10:  Plotted  from  program  CLANCH  in  which  the 
distance  from  payload  to  winch  is  kept  constant,  these  three  curves  illustrate  the 
characteristic  forces  and  angles  of  the  system  as  restraint  cable  length  is  changed. 
Each  curve  is  for  a  particular  vertical  wind  profile  chosen  to  represent  as  nearly 
as  possible  realistic  conditions  for  the  launch  site  and  time. 

18.3.1.5  VALIDATION 

Results  of  these  programs  have  been  used  in  several  flight  operations  and  one 
test  (Angevine,  1968).  In  each  case  the  predictions  have  been  representative  of 
the  observations,  as  long  as  wind  direction  and  velocity  have  remained  reasonably 
steady  as  required  in  the  assumptions  made  for  the  programs . 

18.3.2  Stonehenge 

Programs  GEOMTR,  STODIM,  CLEAR,  SLACK. 

18.3.2.1  PROGRAMMERS 

Jack  M.  Angevine  and  David  W.  Fulker. 
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Figure  18.4  Sample  Output  Page,  Program  LAUNCH  (Stonehenge  Payload 
Support) 
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LAUNCH  EXAMPLE -STONEHENGE  CABLE  RESTRAINED  LAUNCH 


Figure  18.  5  Typical  dd80  Pictorial,  Program  LAUNCH  (Stonehenge 
Payload  Support) 

10  KNOTS  ©SOOFT 

SLOPE  «  to  Ik  WIND  PROFILE  3  RUN  00t  3-3I-6S 


DISTANCE  PATLOAD  TO  PINCH, C,  FT 


Figure  18.6  Program  LAUNCH,  Mainstay  Length  vs.  Distance  for 
Constant  Train  Tension 
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Figure  18.7  Program  LAUNCH,  Apparent  Train  Angle  vs.  Distance  for 
Constant  Train  Tension 
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Figure  18.8.  Apparent  Train  Angle  vs.  Mainstay  Length, 
C  -  687  ft 


Figure  18.9.  Tension  in  Train  vs.  Mainstay  Length,  C  =  687  ft, 


Figure  18.10.  Tension  in  Restraint  Cable  vs.  Mainstay  Length, 
C  »  687  ft. 


18.3.2.2  DESCRIPTION 

A  photograph  of  a  Stonehenge  launch  configuration  appears  as  Figure  18. 11 
with  the  components  labeled.  This  method  of  handling  balloon  payloads  may  be 
used  where,  for  various  reasons,  a  suitable  vehicle  is  not  available  or  a  vehicle 
can  not  be  used.  A  full  description  of  the  method  and  derivations  is  contained  in 
NCAR  TN-40  (Angevine  et  al,  1969)  and  will  not  be  repeated  here. 

The  dimensions  and  forces  in  a  particular  Stonehenge  array  may  be  calculated 
by  hand,  but  where  a  number  of  them  must  be  calculated  for  comparison  to  pick  an 
optimum  configuration  the  calculations  are  more  quickly  done  by  machine.  TN-40 
was  written  to  assist  in  making  configuration  choices;  much  of  the  computing  work 
has  been  done  by  the  use  of  programs  GEOMTR,  CLEAR,  and  SLACK  and  presented 
in  the  TN  as  tables  and  figures.  For  final  calculations  or  to  calculate  a  configura¬ 
tion  not  listed  in  TN-40,  program  STODIM  is  available,  and  is  discussed  in  the 
following  sections. 

18.  3.2.  3  DATA  REQUIRED 

Radius  of  the  anchor  circle  and  total  number  of  anchors  available  in  the  circle 
are  the  basic  data.  The  number  of  anchors  empty  between  the  two  being  used  must 
be  chosen  by  the  programmer.  Dimensions  of  the  payload  and  rigging  details  are 
Inserted  along  with  either  the  desired  extension  line  length  or  anchor  line  length. 
Figure  18. 12  illustrates  the  input  data  needed  for  a  case  in  which  the  extension 
line  length  is  to  be  calculated. 

18.3.2.4  RESULTS 

Results  are  printed  out  as  shown  in  Figure  18. 12  and  include  not  only  all  di¬ 
mensions,  but  also  the  ratio  of  load  in  the  anchor  lines  to  load  at  the  apex  to  pro¬ 
vide  a  quick  means  of  choosing  anchor  line  size. 

18.3.2.5  -VALIDATION 

These  programs  have  been  used  in  the  design  of  several  launch  operations  and 
the  results  were  found  to  be  satisfactory  (Angevine  et  al,  1969;  and  Angevine, 

1908). 

18.4  CLIMATOLOGY 

18.4.1  Balloon  Trajectories 

Program  SIMFLT. 

18.4.1.1  PROGRAMMERS 

Alvin  L.  Morris,  David  W.  Fulker  and  Jack  M.  Angevine. 
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Figure  18.  11.  Closeup  View  of  Stonehenge  Launch  System 
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Figure  18.12.  Data  and  Results  from  Program  STODIM 
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18.4.1.2  DESCRIPTION 

Statistically  derived  trajectories  can  be  calculated  at  a  rate  of  2000  flights/ 
min,  giving  balloon  flight  planners  a  key  to  the  most  probable  paths  balloons  will 
take  when  launched  from  sites  within  the  U.S.  Variations  of  the  computer  program 
allow  selecting  launch  sites  and  times  most  likely  to  yield  balloon  trajectories  over 
desired  targets,  as  may  be  required  in  pollution  Btudies  and  for  at-sea  recoveries 
(National  Center  for  Atmospheric  Research,  1969). 

To  simulate  a  balloon  flight  from  a  given  starting  point,  the  SIMFLT  program 
makes  a  linear  interpolation  of  data  on  a  5°  grid  in  two  dimensions  to  find  each 
mean  wind  component  and  standard  deviation  at  the  latitude  and  longitude  of  that 
location.  (The  trajectory  during  ascent  and  descent  is  not  calculated,  and  must  be 
accounted  for  separately. )  Next,  a  wind  velocity  is  selected  by  a  random  process 
from  a  normally  distributed  population  of  winds  having  these  means  and  standard 
deviations.  The  program  tests  the  direction  of  the  wind  vector  against  pre- 
assigned  limiting  directions,  chosen  to  simulate  conditions  which  might  be  imposed 
as  a  condition  for  launching  an  actual  flight.  If  the  vector  is  within  these  angular 
limits,  the  simulated  flight  is  allowed  to  "fly"  for  a  given  time  increment,  and  a 
new  position  is  calculated.  At  this  position  new  grid  data  are  available  and  a  new 
wind  vector  is  chosen,  using  the  new  data  and  the  random  selection  process.  To 
allow  for  the  persistence  of  the  wind,  each  new  wind  vector  is,  in  principle,  com¬ 
bined  with  the  previous  vector  so  that  the  autocorrelation  of  winds  along  the 
simulated  trajectory  approximates  that  of  the  winds  along  actual  trajectories.  The 
actual  autocorrelation  is  not  known.  In  practice,  the  prior  vector  (reduced  in 
magnitude  by  2  percent)  is  added  to  the  new  vector  (reduced  in  magnitude  by  98  per¬ 
cent)  to  derive  the  resultant  vector  for  the  next  time  increment. 

The  computed  trajectories  are  believed  to  have  essentially'  the  same  statistical 
characteristics  as  real  trajectories. 

18.4.1.3  DATA  REQUIRED 

The  program  is  based  on  six  years  of  wind  data  from  rocket  soundings  at 
Point  Mugu,  White  Sands,  Cape  Kennedy,  and  Wallops  Island.  The  data  include 
monthly  mean  tonal  and  meridional  wind  speeds  and  standard  deviations  for  each 
10, 000  ft  level  between  80, 000  and  160, 000  ft,  and  supplemental  data  at  10  mb 
(104, 000  ft).  The  data  for  each  level  and  each  month  from  all  observing  stations 
were  plotted  on  a  map,  and  isolines  drawn  for  each  variable.  Interpolation  from 
the  isoline  pattern  provided  derived  data  at  each  point  of  a  5°  longitude-latitude 
grid.  The  data  are  available  in  punched  card  Jacks,  one  for  each  month  and  level. 

Latitude,  longitude  and  a  ten-character  name  of  the  starting  point  (and  goal, 
if  one  is  desired)  are  entered  with  the  wind  data.  The  number  of  flights  may  be 
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varied  as  desired,  although  2000  has  proven  to  be  statistically  adequate.  The 
maximum  time  in  hours  that  the  flights  are  to  be  allowed  to  run,  the  time  incre¬ 
ment  between  calculations  and  the  acceptable  direction  of  the  wind  are  optional. 

18.4.1.4  RESULTS 

Printed  output  consists  of  tabulations  of  the  mean  and  standard  deviation  of 
location  of  the  flights  at  elapsed  times  selected  by  the  programmer.  Figure  18. 13. 

Locations  of  the  flights  at  selected  times  can  also  be  shown  on  graphic  displays 
using  the  cathode  ray  tube  output  photographed  on  microfilm.  The  examples  shown 
in  Figures  18. 14  and  18.  IS  show  the  location  of  every  fifth  simulated  flight  at 
2  hours  and  10  hours  after  launch.  Only  every  fifth  one  is  plotted  for  clarity,  but 
the  number  may  be  changed  at  will.  The  symbols  indicate  the  nearness  of  each 
flight  to  the  mean  all  the  flights  at  the  chosen  time;  m  this  case,  an 

"X"  is  a  flight  in  the  50  percent  closest  to  the  mean,  an  "H"  is  a  flight  in  the  next 
closest  40  percent  and  an  "O"  is  a  flight  in  the  farthest  10  percent.  The  symbol 
"S"  is  the  starting  point,  and  "M"  is  the  mean  location.  The  percentages  may  all 
be  varied  as  desired. 

The  capability  to  analyze  for  flights  on  a  specific  track  as  to  a  specific  goal 
is  shown  in  Figure  18. 16.  The  numbers  represent  the  mean  location  of  all  the 
flights  after  that  elapsed  time  in  hours.  The  goal  is  shown  as  a  "G"  and  the 
symbols  for  each  flight  are  shown  at  their  closest  approach  to  thiB  location.  The 
mean  location  of  these  flights  is  again  shown  by  an  "M".  The  calculated  means 
and  standard  deviations  are  also  printed  out  as  shown  in  Figure  18. 17. 

18.4.1.5  VALIDATION 

All  simulations  made  so  far  agree  with  experience  and  expectations.  There 
is  no  real  way  to  validate  the  program  quantitatively  since  no  statistically  valid 
number  of  balloon  flights  can  be  made  under  controlled  conditions  similar  to  those 
imposed  by  the  program.  The  data  grid  could  benefit  from  Improved  observational 
coverage,  but  for  planning  purposes  the  existing  data  seem  adequate.  Final 
decisions  for  an  actual  flight  operation  must,  of  course,  rely  on  adequate  short 
range  meteorological  forecasting. 

II.S  RIGGING 

II. S.  I  Seapaaslaa  Slittaeea 

18. 5.1.1  PROGRAMMER 

Jack  M.  Angevine 
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STARTING  point  is  «  COWARDS  APB 
LAT  ■  3* . *0000  LON  ■«ll 7.07000 

DATA  IDCNTIPl CATION  -  0CCCN6CR  130000  PT 


Flfurw  18.  14.  Orccmbwr  130, 000  ft  from  Edwards  AFB  After  3  Hour* 
Anflw  380. 0-0,  Inc  r*  manta  of  latituda  and  longituda  1  dagraaia) 
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Figure  18. 15.  December  130,  000  ft  from  Edwards  AFB  after  10  Hours. 
Angle  360.0-0,  increments  of  latitude  and  longitude  10  degree(s) 


Figure  18. 16.  December  130, 000  ft  from  Edwards  \FB  to  Columbus,  Ohio. 
11.8  hours  SD  1.7,  angle  360.0-0,  increments  of  latitude  and  longitude 
5  de greets) 
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18.5.1.2  DESCRIPTION 

Some  experimenters  require  a  certain  amount  of  torsional  stiffness  in  the  sus¬ 
pension  system  between  the  experiment  and  the  balloon.  Sometimes  they  also 
need  to  know  how  to  simulate  their  actual  suspension  in  a  building  which  does  not 
allow  use  of  the  full  si2e  suspension  elements. 

This  program  makes  torsional  stiffness  calculations  for  suspension  systems 
containing  as  many  as  five  different  sections,  allowing  for  different  spreader  di¬ 
mensions  at  the  top  and  bottom  of  each  section  and  also  allowing  for  changes  in 
length  in  sections  containing  nylon  shroud  lines.  The  program  is  written  for  GE 
Time  Sharing  System  Mark  I. 

A  generalized  single  section  of  a  suspension  system  is  shown  in  Figure  18. 18. 
When  additional  sections  of  suspension  are  added  end  to  end  and  a  torque  is  applied 
between  the  top-most  ar.d  bottom-most  fittings,  the  same  torque  is  experienced  by 
all  the  sections.  Since  each  section  may  have  different  dimensions,  the  angle 
through  which  each  is  rotated  may  be  different  and  the  total  angle  of  the  entire  sus¬ 
pension  is  unknown.  It  is  most  convenient,  then,  for  the  program  to  accept  in¬ 
crements  of  torque  as  input  values  and  to  calculate  the  resulting  rotation  angle  of 
each  section  and  find  the  total  rotation  angle  by  summing  the  individual  angles. 

In  addition,  some  sections  may  be  composed  of  nylon  shroud  lines  which  will 
stretch  under  load,  changing  the  length  of  the  section.  Although  many  factors  such 
as  temperature,  humidity,  and  loading  rate  enter  into  the  elongation  of  shroud 
lines,  an  attempt  is  made  to  estimate  this  loaded  length  in  the  program.  The 
effect  of  this  estimate  on  the  overall  result  can  be  checked  by  re-calculating,  this 
time  assuming  that  the  section  does  not  stretch. 

The  only  currently  used  suspension  configuration  that  the  program  cannot  now 
accept  is  the  case  of  a  section  with  all  the  lines  in  the  same  plane  but  at  different 
radii  from  the  center  of  rotation.  The  equations  for  this  case  exist  and  can  be  in¬ 
cluded  with  little  difficulty  if  the  need  arises. 

18.  5. 1.3  DATA  REQUIRED 

The  initial  torque  v;-lue,  increments  of  torque  in  pound-feet,  and  total  number 
of  torque  values  are  chosen.  The  total  number  of  sections  is  entered  and  the  pro¬ 
gram  then  interrogates  the  programmer  for  the  data  on  each  individual  section,  as 
shown  in  the  example,  Figure  18.19.  Although  the  data  input  is  slow  using  this 
method,  the  program  can  be  run  by  anyone  familiar  with  a  teletype  terminal.  A 
sketch  of  the  suspension  system  with  the  pertinent  data  is  an  important  aid  in 
keeping  the  data  organized. 
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Figure  18.  19.  Suspension  Torque  Example 
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18.5.1.4  RESULTS 


Results  are  presented  in  tabular  fprm  following  the  input  data,  Figure  18. 19. 
The  rotation  angle  of  each  section  under  the  influence  of  the  applied  torque  is 
presented  individually.  The  total  angle  of  rotation  and  combined  spring  constant 
of  the  system  are  presented  in  the  last  two  columns.  Units  are:  torque,  lb-ft; 
spring  constant,  lb-ft/deg. 

If  the  range  of  torques  selected  is  so  great  that  one  of  the  sections  would  twist 
greater  than  90°,  the  calculation  stops  at  that  point  and  a  message  is  printed  just 
above  the  table  of  output  values  stating  which  section  is  affected  and  which  torque 
value  causes  the  90°  deflection. 

18.5.1.5  VALIDATION 

The  method  used  in  this  program  has  been  used  to  calculate  suspension 
characteristics  for  several  flights  and  indoor  simulations  with  no  apparent  dis¬ 
crepancies.  As  far  as  is  known  there  has  been  no  attempt  to  measure  the  exact 
spring  constant  of  an  assembled  suspension  for  comparison  with  calculated  values. 


18.6  FLIGHT  OPERATIONS 


18.6.1  Communications  Networks 

Programs  COMMUN,  CLINK. 

18.6.1.1  PROGRAMMERS 

David  W.  Fulker  and  Jack  M.  Angevine. 

18.6.1.2  DESCRIPTION 

Occasionally  a  ballooning  project  will  require  a  complex  communications  net¬ 
work  comprised  of  a  number  of  communication  channels  and  stations,  and  possibly 
even  one-way  channels  such  as  passive  relays.  It  is  not  always  easy  to  determine 
by  inspection  whether  all  the  communications  requirements  are  met  by  a  proposed 
network,  or  whether  there  is  unneeded  duplication  of  channels  or  stations.  It  is 
even  more  time-consuming  to  set  up  a  systematic  method  of  back-up  communica¬ 
tion  in  the  event  of  a  failure  somewhere  in  the  system. 

These  programs  provide  tables  that  show  both  the  direct  and  relayed  methods 
of  communicating  from  one  station  to  any  other  station  in  the  network.  An  analysis 
of  those  tables  can  then  reveal  weaknesses  or  unnecessary  duplications  in  the 
system.  Program  COMMUN  provides  a  working  list  for  the  communicator  at  each 
station  showing,  by  channel  and  call  sign,  how  he  can  communicate  with  any  other 
station  in  the  network. 


220 


Figure  18.20.  Example  Communication  Network 


18.6.1.3  DATA  REQUIRED 

The  analysis  begins  by  drawing  a  simple  network  diagram,  coding  each  sta¬ 
tion  by  number  and  each  channel  of  communication  by  letter  as  in  the  very  simple 
example  of  Figure  18. 20.  Since  the  call  signs  at  each  end  of  a  link  will  be  dif¬ 
ferent,  the  letter  designating  a  communication  channel  will  be  associated  with  a 
different  call  sign  at  one  station  than  at  the  other.  A  listing  of  the  services  at 
each  station  is  then  prepared  as  in  Figure  18.21.  Finally  a  list  of  direct  com¬ 
munication  links  between  each  station  is  prepared  as  in  Figure  18.22  where  the 
coded  word  01AA04  means  "station  1  on  channel  A  to  channel  A  at  station  4. " 

18.6.1.4  RESULTS 

Results  from  program  CLINK  are  presented  as  two  tables  coded  by  station 
number  and  channel  letter,  one  showing  the  direct  route  between  stations  and  the 
other  showing  both  the  direct  and  the  one-station-relay  routes  between  stations. 

Program  COMMUN  prints  out  a  complete  list  of  all  services  at  each  station, 
the  coded  direct  route  data  and  a  page  for  each  station  showing  the  routing  and  call 
signs  for  communication  with  any  other  station  in  the  network,  Figure  18.23, 
Blanks  indicate  that  there  is  no  direct  or  single-relay  route  by  which  the  two  sta¬ 
tions  can  communicate.  A  column  is  left  open  to  assign  priorities  where  several 
routes  exist. 
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Figure  18.22.  Direct  Communica¬ 
tion  Links  Coded 
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18.6.1.5  VALIDATION 

The  results  can  be  checked  by  inspection. 

18.7  BALLOON  DESIGN 


18.7.1  Full  Scale  Dimensions 

Program  FULL  SIZ.  c  % 

18.7.1.1  PROGRAMMER 

Justin  H.  Smalley.  1:1  '■  -  a 

18.7.1.2  DESCRIPTION  "  >  ^ 

This  program  calculates  the  actual  dimensions  of  a  Specific  bftlloon  using  . 
equations  for  the  natural  shape  in  which  circumferential  stress  is  i'etb.  The  bal¬ 
loon  may  have  a  cap  and  various  types  of  end  sections  and  may  be  top-loaded. 

Using  the  initial  input  conditions,  the  program  attempts  to  find  a  ablution  in  a 
fixed  number  of  iterations.  If  a  solution  is  found  the  results  are  printed  in  a  tfcble 
with  the  requested  number  of  increments.  If  no  s olutfo^i fdupd.  a  table  of  inteV- 
mediate  results  can  be  printed  out  from  which  a  better  set  of  input  data  is  avail¬ 
able  for  subsequent  calculations. 

18.7.1.3  DATA  REQUIRED 

The  flight  requirements  of  load  and  altitude,  the  type  of  balloon  desired, 
whether  or  not  a  cap  will  be  necessary,  and  an  approximation  of  other  acceptable 
balloon  parameters  is  required.  Table  18.4  is  a  list  of  the  input  date  for  FULL 
SIZ. 

18.7.1.4  RESULTS 

Final  results  consistent  with  all  the  input  data  appear  as  in  Figure  18. 24 
where  the  symbols  mean  the  following: 

S  -  distance  along  gore  from  bottom 
R  -  inflated  radius 

Z  -  vertical  height  above  the  base  when  inflated 
T  -  tape  load  assuming  no  stress  in  the  film 

TM  -  film  stress  assuming  no  load  in  the  tapes 
THETA  -  angle  from  the  centerline 
G.  W.  -  gore  width  at  the  equator 
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Table  18.4.  Input  Data  for  Balloon  Design  Program  FULL  SIZ 


THETAO  -  Initial  half  cone  angle  at  the  base  (degrees). 

SIGMA  -  Film  unit  weight. 

FOP  -  Top  load,  weight  supported  on  the  top  of  the  balloon  including 
end  fitting, 

ELOP  -  Bottom  load,  weight  suspended  from  the  bottom  of  the  balloon 
including  end  fittings 

ALPHA  -  Differencial  pressure  at  the  base  of  the  balloon. 

DELS  -  Estimated  calculation  increment  size  (aS/N) . 

OMEGT  -  Tape  unit  weight,  weight/length. 

TANGL  -  Taper  angle  for  balloons  with  taper-tangent  end  sections. 
TANGL  -  0  for  fully  tapered  balloons  (degrees). 

TAUMO  -  Initial  stress  at  the  bottom  of  the  bottom  end  section. 

TAUMO  =  99999  for  fully  tailored  balloons. 

TAUM1  •  Stress  at  the  point  of  tangency  between  the  top  end  section 

and  the  natural  shape  of  the  balloon  wall.  TAUM1  =  99999  for 
ftilly  tailored  balloons . 

RZ  -  Initial  radius  of  material  at  the  base.  RZ  *  0  for  a  fully 

tailored  balloon  or  if  TAUMO  is  specified. 

RBOT  •  Radius  of  the  bottom  end  fitting. 

RTOP  -  Radius  of  the  top  end  fitting. 

N  -  Number  of  major  calculation  increments  along  the  gore  length. 

LNS  •  Number  of  lines  to  be  printed  in  the  output  table. 

KIP  -  Skip  (if  KIP  *  1)  the  table  of  intermediate  outputs,  depending 

on  confidence  in  achieving  final  results  on  a  particular  run. 

S1GCAP  -  Unit  weight  of  film  in  the  cap  layer  of  film. 

SCAP  •  The  distance  along  the  gore  where  the  cap  starts  (Equals  sero 
if  no  cap). 

SMAX  -  A  value  greater  than  the  estimated  gore  length.  (Used  to  pre¬ 
vent  certain  calculations  from  diverging. ) 
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riLH  UNIT  NT.  ■ 

.C0500 

INITIAL 

RADIUS  > 

2.000 

INITIAL 

STRESS  ■ 

215.860 

bottom 

LOAD  ■ 

1000.000 

nUTVPHESSURE  i 

no.  or 

MAJ.  INC. 

■  200 

s 

R 

Z 

'mTL'T-TATIOREO--  R~. 

■  27000  ~ 

2. 152 

2.000 

0. 

25.505 

°3.632 

8.799 

48.85° 

*5.053 

10.099 

72.212 

66.132 

2E.149 

"95  .'566 

85'.  662 

39,273 

118.920 

106.331 

51.850 

1*2.273 

124.68* 

66.273 

165.627 

1*1.079 

82.877 

188.981 

15*. 686 

101.822 

212.33* 

16*. 527 

122.957 

"  "235.688 

169.630 

145.645 

INITIAL  ANOLt  ■  68.367 
TAPER  ANOLE  ■  68.367 
SECOND  STRESS  •49999.060 
TOP  LOAD  ■  40,000 

“  TAPE”  QUIT  TiTV~r~  '  ;  inw 
NO.  or  TAPES  ■  120 


T 

TM 

THETA 

22.605 

215.860 

68,367 

22.770 

18.402 

67.293 

22.997 

9.749 

65.656 

23.299 

6.T29 

63.206 

237693 

5.22r 

~S9;6?5 

24.206 

4.348 

5*. 875 

24.865 

3.809 

48.522 

25.700 

3,479 

40.461 

26.728 

3.300 

30,614 

27.939 

3.2*3 

19.053 

29.286 

~  3.297 

57935 

MAX ,  RADIUS 

1—  3 

1  ■  170.169  Z 

"  155.872 

O.N.  • 

8.910 

259.042 

169. 

256 

168.987 

30.681 

3.462 

.8,000 

282.395 

163. 

139 

191.451 

32.008 

3.74T 

-22.474 

7105.7*9 

151. 

615 

znrmr 

T3.156 

*.r>7 

V36.745 

329.102 

135. 

559 

228.508 

34.05* 

4.798 

-50 .18*i 

352.456 

116. 

15* 

2*1.50* 

34.681 

5.702 

•62.244 

375.810 

9*. 

602 

250.419 

35.066 

7.079 

-72.478 

399.163 

71. 

893 

255.782 

35.267 

9,369 

-80.573 

422.517 

48* 

692 

258.362 

35.349 

13.863 

-86.336 

— *457571  ~ 

"  25.353 

759.  99T 

35.368  - 

'25.6*3 

-ait«66 

469.22* 

2. 

000 

258.969 

35.366 

337.720 

-90.530 

*69,22* 

2. 

000 

259.969 

35.366 

337.720 

-90.530 

top  or  balloon- 

-  R 

*  2.000 

VULUKt  ■ 

AREA  * 

302925.2*2 

SKIN  NT, 

■ 

1514.626 

TAPE  NT.  ■ 

963.150 

total:  Nr. 

|  ■ 

2377*777 

CAP'WT.  ■ 

.... 

0. 

MAX  5  " 

471.226 

TOP  LOAD  • 

40.000 

CArtENOTH  • 

0. 

V0L7S**3  • 

.14492 

OROSS  LOAD  ■ 

3*17.777 

BUOYANCY  ■ 

•  1 

96022539 

Figure  18.24.  Results  of  Balloon  Design  Program  FULL  SIZ 


18.7.1.5  VALIDATION 

This  program,  or  its  modifications,  has  been  used  to  design  hundreds  of  bal¬ 
loons  and  is  considered  to  be  fully  validated. 

18.7.2  Nonuimensional 

Pro;  ,  ams  FULLEND,  SUBLOAD,  OVERLOAD. 

18.7.2.1  PROGRAMMER 
Justin  H.  Smalley. 
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18.7.2.2  DESCRIPTION 

These  programs  are  used  in  parametric  studies,  to  find  first  design  approxi¬ 
mations,  or  to  make  trade-off  choices. 

Program  FULLEND  is  the  same  as  program  FULL  SIZ  described  in  the  pre¬ 
vious  section,  but  with  non-dimensional  parameters. 

Programs  SUBLOAD  and  OVERLOAD  are  reported  in  Smalley  (1965)  and  the 
descriptions  will  not  be  repeated  here.  They  consider  the  cases  of  a  balloon  car¬ 
rying  less  than,  or  more  than,  the  design  load. 
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19.  Experimental  Balloon  Gas 
and  Film  Temperatures 

R.M.  Lucox,  C.H.  Hell,  mi  B.M.  All* 
Arthur  0.  LlttN,  Inc. 
Cwsbridge,  Msssedwtetts 


Abstract 


This  third  balloon  night  in  a  series  for  the  Office  of  Naval  Research  has  cul¬ 
minated  in  the  acquisition  of  extensive  night  data  during  ascent,  noat,  sunset  and 
sunrise.  The  vehicle  was  a  250.000  cubic  foot  polyethylene  balloon  which  floated 
at  an  altitude  of  80, 000  feet  and  provided  experimental  data  over  a  period  of 
18*1/2  hours.  The  data,  comprised  of  some  120,000  data  points  and  innight  cali¬ 
brations,  have  been  reduced  to  give  the  time  history  of  balloon  gas.  local  air,  and 
film  temperatures  at  seven  locations  on  the  balloon  surface.  In  addition,  the  in¬ 
frared  radiation  equilibrium  temperature  and  balloon  atimuth  and  rotation  rate  was 
also  obtained. 


it.t  ivruooctmoH 

This  balloon  night  was  the  third  in  a  series  for  the  Office  of  Naval  Research. 
The  previous  two  instrumented  nights  were  reported  in  the  Proceedings  of  the 
Fourth  and  Fifth  Balloon  Symposium.  This  night  took  place  on  the  25th  and  28th 
of  May  1989  at  the  National  Center  for  Atmospheric  Research  (NCAR)  night  sta¬ 
tion.  Palestine.  Texas. 
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From  the  previous  two  flights,  we  learned  that  our  measurement  techniques 
were  good,  the  data  obtained  were  accurate  but  incomplete,  and  that  our  theoretical 
computer  model  of  a  balloon  and  its  vertical  motion  were  in  need  of  further  im¬ 
provements.  In  order  to  achieve  this  improvement,  ve  needed  extensive  tempera¬ 
ture  measurements  of  the  balloon  fabric  and  verification  of  all  temperature  meas¬ 
urements  through  three  critical  phases  of  a  trajectory,  ascent,  ballasting  and 
sunrise- sunset.  The  purpose  of  this  flight,  then,  was  to  obtain  extensive  and  ac¬ 
curate  temperature  measurements  of  the  several  parameters  affecting  the  behavior 
of  a  balloon  system.  Launch  took  place  at  5  PM,  local  time;  altitude  was  achieved 
after  1.  5  hours;  sunset  occurred  at  3.  5  hours,  two  ballast  drops  at  3.  8  and  5.  2 
hours,  sunrise  at  13.  3  hours  and  termination  at  16  hours  after  launch. 


l *1.2  BM.l.uON  SYSTEM 

The  balloon,  helium,  telemetry  system,  ground  support  and  flight  management 
were  provided  by  NCAR.  The  general  configuration  and  dimensions  of  the  balloon 
system  are  shown  in  Figure  19. 1. 

In  addition  to  the  two  helium  thermis- 


F'gure  19.  1.  Balloon  Configuration 


tors  at  7  and  12  feet  below  the  top  fitting, 
there  were  a  total  of  seven  film  thermis¬ 
tors  attached  to  the  inside  surface  of  the 
balloon.  Positioned  370  feet  below  the 
balloon  were  two  air,  two  blackball  ant. 
one  shielded  grayhall  thermistors.  The 
blackball  measures  incident  flux  while 
the  grayball,  covered  with  material 
identical  to  the  balloon  film,  measures 
the  absorbed  radiant  heat  flux.  Also 
measured  were  the  gondola  or  instru¬ 
ment-package  temperature  and  the  tem¬ 
perature  of  the  14-inch  diameter, 
aluminum  cover  plate  of  the  top  fitting. 

The  gross  weight,  of  the  system  was 
58G  pounds  and  the  free  lift  was  10  per¬ 
cent.  Float  altitude  was  80, 000  feet. 

19.3  INSTRUMENTATION 

The  telemetry  system,  9-mil  dia¬ 
meter  aluminized  thermistors,  circuitry, 
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and  thermistor-mounting  arrangements  were  identical  to  those  used  in  the  previous 
flight,  and  the  full  description  is  contained  in  the  Proceedings  of  the  5th  Symposium. 
In  addition,  an  extensive  discussion  of  the  instrumentation  and  calibration  proce¬ 
dures  was  given  at  the  23rd  Annual  ISA  Conference,  29  October  1 968,  Paper  No. 
68-805,  by  G.  H.  Hall,  entitled  "Helium  Gas  and  Air  Temperature  Measurements 

i 

in  High  Altitude  Balloons.  " 

The  grayball  is  similar  in  construction  to  the  blackball.  An  inner,  aluminum¬ 
tubing  framework  in  the  form  of  a  7-inch  diameter  icosahedron  supported  the  alumi¬ 
nized  thermistor.  This  framework  was  covered  with  the  1.  5  mil  polyethelene  bal¬ 
loon  fabric.  The  assembly  was  then  supported  within  a  larger  similar  framework 
which  was  covered  with  a  1  /  4  mil  polyethelene  film.  This  outer  surface  acted  as 
a  convective  shield. 

Two  magnetometers,  manufactured  by  the  Schonstedt  Instrument  Co. ,  oriented 
at  90°  to  each  other  and  aligned  with  the  film  sensors  were  mounted  to  the  para¬ 
chute  load  ring  just  below  the  bottom  fitting.  The  connection  between  the  parachute 
and  the  bottom  fitting  of  the  balloon  consisted  of  universal  joints  to  allow  relative 
bending  of  the  connection  but  not  rotation.  This  rotation  of  the  balloon  and  bottom 
fitting  would  directly  rotate  the  magnetometers.  The  two  magnetometer  outputs 
used  together  uniquely  determine  the  magnetic  heading  of  the  balloon  reference 
gores.  This  information  together  with  an  equation  that  states  the  sun  azimuth  for 
any  geographical  location  at  any  time  will,  therefore,  give  the  desired  heading  of 
the  film  thermistors  with  respect  to  the  sun  as  a  function  of  time. 

The  top  and  bottom  film  thermistors  were  located  30  feet  from  the  fittings 
and  the  middle  thermistors  were  situated  at  the  maximum  inflated  diameter.  Ther¬ 
mistors  Tl,  Ml,  and  B1  were  located  in  the  middle  of  the  same  gore  while  the 
second  set  were  located  on  the  1 80°  opposing  gore.  Thermistor  M3  was  located 
midway  between  Ml  and  M2  and  served  as  a  redundant  temperature  measurement, 
and  would  have  provided  a  clue  to  the  direction  of  balloon  rotation  in  sunlight  in 
the  absence,  or  failure,  of  the  magnetometers  used  for  the  rotation  measurement. 
The  locations  were  chosen  for  geometrical  reasons  and  to  insure  that  the  sensors 
would  not  be  in  the  fabric  folds  at  critical  portions  of  the  flight. 

Our  calculations  show  that  the  boundary  layer  outside  the  balloon  during  as¬ 
cent  is  of  the  order  cf  1  / 10  or  1/2  inch  thick,  while  inside  the  balloon  the  boundary 
layer  increased  from  1-3/4  in.  at  launch  to  about  12  inches  at  altitude.  Hence,  a 
measurement  of  film  temperature  should  be  made  inside  the  balloon  where  disturb¬ 
ances  from  the  adjacent  gases  are  a  minimum. 

The  balloon  was  layed  out  on  the  floor  of  a  local  building,  and  the  helium  sensor 
string  ahd  lead  wires  were  pulled  through  the  middle  of  the  folded  fabric.  Next, 
the  five,  upper-film  thermistor  leads  were  taped  to  the  gore  seams  at  intervals 
from  the  top  fitting,  ending  at  the  measured  position,  T  and  M.  The  bottom  leads 
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Figure  19.  2.  Film  Thermistor 
Mounting 


merely  extended  from  the  bottom  fitting. 
Hence,  there  were  8  pairs  of  leads  inside 
the  balloon,  6  of  which  were  fed  through 
the  top  cover  plate.  At  the  film  sensor 
locations,  6- inch  vertical  slits  were 
made  for  insertion  of  the  film  sensor. 

The  slits  were  sealed  with  tape,  and 
care  was  taken  to  insure  minimum  heli¬ 
um  leakage  around  the  lead  wires.  The 
sensors  were  located  1 8  inches  away 
from,  and  parallel  to,  the  gore  seam. 

The  maximum  gore  width  at  the  M  locations  was  50  inches.  The  film  sensor  is 
shown  in  F  igure  1 9.  2. 

The  2-inch  wide  3M  tape  is  backed  up  with  a  second  piece  of  tape  to  anchor 
the  twisted  pair  of  leads  to  the  tape  itself.  The  nlchrome  leads  take  a  wavy  path 
to  the  thermistor.  These  two  features  isolate  any  mechanical  loads  produced  by 
motion  or  stretching  of  the  balloon  fabric.  The  1/4  mil  polyethylene  square  pro¬ 
vides  mechanical  protection  for  the  thermistor  bead,  and  holds  the  bead  in  close 
proximity  to  the  balloon  fabric;  and  the  four  open  corners  allow  venting  as  the 
pressure  is  reduced  during  ascent.  Because  polyethylene  is  relatively  transpar¬ 
ent  to  the  incident  radiation,  the  1/4  mil  layer  adds  negligible  absorption  to  the 
1.  5  mil  balloon  fabric.  The  crimped  tabs  of  the  thermistor  platinum  leads  are 
taped  to  this  1/4  mil  square,  and  thus  provide  a  relatively  strain-free  mounting 
of  the  thermistor. 

This  method  and  other  techniques  of  thermistor  film  mounting  have  been 
under  investigation  by  NCAR,  and  a  summary  of  their  work  by  Mr.  Karl  Stefan 
is  given  in  their  Annual  Report  for  1969. 


19.4  RESULTS 

The  data  presented  originated  from  balloon  telemetry  printed  in  digital  form 
during  real  time  at  15-second  intervals.  These  data  were  later  punched  on  com¬ 
puter  cards  and  processed  using  our  IBM  1130  system.  The  processed  data  were 
graphically  displayed  using  a  cathode-ray  storage  tube  and  a  CALCOMP  on-line 
plotter.  Hard  copy  graphs  of  the  CRT  images  were  obtained  by  POLAROID  photo¬ 
graphs.  All  data  points  are  connected  by  straight  lines.  The  5  msec  time- 
response  of  the  thermistors  and  telemetry  system  permit  this  detailed  tempera¬ 
ture  definition. 
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Figure  19.  3.  Temperatures  and  Altitude  From  Launch  to  Sunset 


19.4.1  Launch  to  Sunset 

As  shown  in  Figure  19.  3,  the  blackball  temperature  remains  high  until  sun¬ 
set,  but  the  high  air  velocity  during  ascent  and  lack  of  complete  convective  isola¬ 
tion  depresses  the  blackball  temperature  especially  noticeable  at  tropopause.  The 
grayball  follows  the  same  trend  as  the  blackball,  but  indicates  lower  temperatures 
since  it  has  a  smaller  solar  absorptance. 

The  balloon  is  lift -controlled  during  ascent;  the  helium  undergoes  adiabatic 
expansion  and  is  much  colder  than  the  surrounding  air.  As  float  altitude  is 
reached  at  1.  5  hours,  the  convective  and  adiabatic  processes  have  ceased,  and 
the  helium  temperature  starts  increasing  due  to  internal  convective-heat  transfer 
from  the  balloon  film.  The  effect  of  sunset,  starting  gradually  at  2.  0  hours  and 
ending  abruptly  at  3.  8  hours,  is  indicated  by  the  blackball  temperature.  The 
helium  is  slowly  cooling  and  an  abrupt  decrease  in  helium  temperature  is  noticed 
at  the  first  ballast  drop  due  to  the  adiabatic  expansion  on  the  recovery  of  altitude. 

The  film  temperatures  for  this  time  period  are  shown  in  Figures  19. 4  and 
19. 5.  Before  altitude  is  reached  at  1. 5  hours,  the  film  temperatures  are  coupled 
to  air  temperature  because  of  the  convective  heat  transfer  at  high  velocities,  but 
are  slightly  higher  than  air  due  to  solar  heating.  Helium  temperature  is  lowest, 
so  there  is  some  thermal  energy  being  put  into  the  helium  during  ascent.  Film 


temperatures  along  gore  1  are  about  the  same  as  gore  2,  but  there  are  differences 
from  top  to  bottom  of  the  balloon.  Before  1.  0  hours,  only  the  top  film  sensors 
are  exposed  to  the  helium  and  their  temperatures  are  lower  than  the  middle  and 
lower  film  locations  which  are  still  wrapped  in  the  slack  balloon  below  the  bubble. 

At  0.  95  hours,  just  above  tropopause,  the  middle  sensors  become  part  of  the 
partially  deployed  bubble; ‘Ml  in  particular  has  come  out  of  the  folds  and  its  expo¬ 
sure  to  the  helium  is  noted  by  its  sudden  drop  in  temperature  -  below  air,  but 
still  above  the  helium  temperature.  As  the  balloon  reaches  float  altitude,  the 
helium  becomes  exposed  to  more  warmer  fabric  and  its  temperature  steadily  in¬ 
creases  above  air  temperature. 

In  the  relatively  stable  period  of  1.  8  to  3. 4  hours,  there  is  a  small  decrease 
in  the  average  film  temperatures  as  shown  in  Figure  19.  5.  The  variations  of  the 
film  temperatures  generally  are  in  phase,  but  the  temperatures  are  different  due 
to  location.  The  bottom  and  middle  locations  are  warmer  due  to  sun  and  earth 
radiation,  while  the  top  locations  are  about  5  degrees  cooler  due  to  partial  shield¬ 
ing  from  the  radiative  inputs.  Film  T2  temperature  is  out  of  phase  when  compared 
to  the  remaining  temperatures  and  is  lower  than  the  corresponding  temperature  of 
Tj.  During  nighttime  float,  Tj  and  T2  are  within  1/2°C  of  each  other  which  indi¬ 
cates  their  individual  calibrations  are  accurate.  We  can  only  speculate  that  the 
position  of  Tj  and  Tg  combined  with  a  low  atm  angle  of  about  5°  below  horizontal 
near  sunset  leads  to  this  temperature  difference.  During  this  time  period  the 
balloon  is  dropping  slightly  in  altitude,  losing  about  1000  feet  from  1.  5  to  3.  5  hours. 

In  Figure  19. 6,  the  sunset  effect  on  a  typical  film  temperature  and  rotation  is 
quite  apparent.  Sunset  is  complete  at  3.  8  hours,  sensor  B2  shows  a  very  steady 
temperature  and  balloon  rotation  has  essentially  ceased.  During  ascent,  average 
rotations  are  30  RPH;  at  ceiling  prior  to  sunset,  12  RPH;  nighttime  float,  1. 2 
RPH  and  at  sunrise  the  angular  velocity  increases  xo  8  RPH.  It  is  noted  that  an 
attempt  to  correlate  instantaneous  film  temperature  with  sun  heading  will  not  give 
consistent  results.  As  the  warmer  film  rotates  out  of  the  sun,  the  adjacent  helium 
rises  due  to  local  contact  with  the  warm  film.  This  film  is  replaced  by  cooler 
film.  Further,  the  film  in  the  lower  half  of  the  balloon  is  warmer  than  the  top 
which  tends  to  encourage  the  natural  convection  currents  caused  by  wall  heating. 
Thus  the  convective  heat  transfer  process  is  quite  complicated,  and  it  appears 
that  average  temperatures  must  be  used  in  describing  the  balloon  temperature 
behavior,  ft  is  also  noted  that  the  frequency  of  the  film  temperature  variations 
is  just  twice  that  of  the  rotational  frequency.  In  other  words,  in  one  revolution 
of  the  balloon,  any  section  of  film  faces  the  sun  twice;  once  directly  and  once  again 
on  the  opposite  side  where  it  sees  the  sun's  radiation  filtered  by  the  first  layer  of 
film. 


II 


Figure  1 9.  6.  Sunset  Effect  on  Rotation  and  Film  Temperature 
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19.4.2  Nigkttlee 

In  Figure  19.  7,  the  nighttime  temperatures  are  shown  with  the  effect  of  ballast 
at  S.  2  hours.  Helium  temperature  drops  5  degrees  due  to  adiabatic  expansion  as 
the  altitude  increases  about  3000  feet.  Air  temperature  increases  due  to  the  exist* 
ing  temperature  inversion.  Blackball  and  grayball  are  temporarily  affected  by  the 
high  velocity  of  ascent,  and  then  return  to  their  previous  values. 

At  8  ho  urn,  the  ground  trajectory  shows  that  the  balloon  is  leaving  the  wooded 
and  grass  covered  terrain  east  of  Waco,  Texas,  with  a  ground  velocity  of  24  MPH 
and  is  approaching  the  more  arid  and  probably  warmer  area  of  Waco  and  Austin. 

At  night,  the  balloon  radiation  input  is  the  warm  earth,  and  it  can  be  shown  that 
50  percent  of  the  earth's  radiation  received  by  the  balloon  at  80, 000  feet  comes 
from  a  50-mile  diameter  area  directly  under  the  balloon.  Thus  at  8  hours  the  bal¬ 
loon  sees  a  new  radiative  area  about  every  2  hours. 

In  Figure  19. 8,  the  film  temperatures  are  shown  along  gore  number  one.  The 
temperatures  of  gore  two  were  within  1  /  2°C  of  those  of  gore  one.  The  bottom  film 
is  everywhere  warmer  than  either  the  middle  or  the  top,  which  is  the  coldest.  This 
confirms  the  source  of  the  radiative  input  and  shows  that  the  helium  is  being  warmed 
by  the  film  through  convective  heat  transfer.  The  ballasting  also  indicates  that  al¬ 
though  the  bulk  helium  temperature  drop  is  rapid  and  large,  at  5°C,  the  film  tem¬ 
perature  change  is  only  1-1/2°C  and  the  film  temperature  is  strongly  coupled  to 
the  radiation  field. 

16.4.3  Seeds* 

In  Figure  19. 9.  the  temperatures  and  altitude  are  presented  from  12  hours, 
through  sunrise,  to  1600  hours  which  was  10  AM  CDT.  Sunrise  starts  abruptly 
at  13. 3  hours  and  iU  effect  is  completed  within  one  hour.  There  are  further  small 
changes  in  temperatures  and  altitude  due  to  the  steady  increase  in  solar  radiation, 
as  the  optical  air  mass  between  the  balloon  and  sun  decreases.  The  before-and- 
after  sunrise  altitudes  are  about  the  same  as  the  before -and- after  nighttime  bal¬ 
last  altitudes.  These  increases  in  altitude  were  3000  feet,  ft  is  also  of  interest 
to  note  that  the  temperatures  of  Figure  19. 9,  two  hours  after  sunrise,  are  essen¬ 
tially  identical  to  the  temperatures  at  two  hours  before  sunset.  With  the  exception 
of  the  helium  temperatures,  which  tend  to  lag  because  of  adiabatic  expansion  and 
contraction,  the  temperature-time  profiles  are  very  similar.  The  only  difference 
in  the  balloon  system  before  sunset  and  after  sunrise  is  the  dropping  of  46  pounds 
of  ballast  and,  undoubtedly,  the  loss  of  helium  gas. 

The  sudden  start  of  rotation  due  to  solar  heating  and  altitude  increase  when  the 
sun  rises  at  13. 3  hours  Is  shown  in  Figure  19. 10.  Before  sunrise  the  pattern  of 
film  temperatures,  the  bottom  being  highest  and  the  top  lowest,  is  obvious  because 


Figure  19. 9.  Temperature*  and  Altitude  During  Sunrise 


Flfur*  19.  |0.  Film  T«tnp*r*tur«a  and  Rotation  During  SonrlM 
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of  earth  as  the  radiation  source.  During  sunrise,  however,  the  balloon  rotation 
and  the  large-scale  convective  motion  taking  place  in  the  helium  completely  ob¬ 
scures  any  consistent  temperature  differences.  At  about  14.  5  hours,  the  maximum 
altitude  has  been  reached,  rotation  has  slowed  considerably,  and  T2,  although  fac¬ 
ing  the  sun,  is  lower  in  temperature.  This  may  be  caused  by  the  low  sun  angle 
which  locates  the  film  surrounding  T2  at  the  top  of  the  balloon  and  almost  parallel 
to  the  sun's  rays. 

The  gondola,  or  instrument  box,  temperature  was  of  interest  on  this  flight 
due  to  sonde  telemetry  problems.  This  temperature,  which  is  considered  approxi¬ 
mate,  along  with  the  temperature  of  the  upper  fitting  cover  plate  is  shown  in 
Figure  19. 11. 

We  would  like  to  extend  our  theoretical  model  and  perform  the  same  kind  of 
instrumented  flight  to  130,000  feet.  With  the  larger  balloon  required,  the  top 
cover  plate  would  be  the  location  of  a  portion  of  the  electronics.  Thus,  the  plate 
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Figure  19.  il.  Gondola  and  Uppe  Kitting  Cover  Plate  Temperatures 
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temperature  of  -55°C,  or  approximately  air  temperature,  would  be  the  nighttime 
ambient  temperature.  Daytime  temperatures  would  be  close  to  +15°C,  and  the 
electronics  located  there  would  operate  between  these  temperature  extremes. 


19.3  t.ONCl, (SIGNS 

After  analyzing  the  data  carefully,  we  conclude  that  there  are  several  time 
periods  during  the  balloon  flight  when  distinctly  different  interactions  with  the  en¬ 
vironment  predominate. 

19.3.1  Phase  I 

During  ascent,  the  interaction  of  the  balloon  fabric  with  the  ambient  air  and 
the  expansion  of  the  helium  gas  dominate  the  balloon's  thermal  behavior.  During 
the  first  hour  of  flight,  the  balloon  ascends  at  about  1000  feet  per  minute  and  ro¬ 
tates  rapidly.  This  results  in  heat  transfer  by  forced  convection  which  is  dominat¬ 
ing.  Simultaneously,  the  helium  cools  by  expansion  as  the  atmospheric  pressure 
decreases. 

19.3.  2  Phase  II 

Initially,  at  ceiling,  the  solar  input  dominates  the  balloon's  behavior.  Changes 
in  fabric  temperatures  caused  by  rotation  as  thermistors  move  from  shade  to  sun¬ 
light  are  more  apparent.  During  sunset,  the  balloon  initially  descends  at  about 
220  feet  per  minute  into  cooler  ambient  air,  and  the  fabric  temperatures  drop 
sharply  as  the  sun  disappears  over  the  horizon.  Adiabatic  compression  is  insuf¬ 
ficient  to  maintain  temperature  and  ballasting  is  necessary  to  counteract  the  ef¬ 
fect  of  sunbet. 

19.3.8  Phase  III 

During  nighttime  floating,  the  infrared  radiation  absorbed  by  the  balloon  is 
the  predominant  influence.  The  warmer  film  near  the  bottom  of  the  balloon  is 
influenced  by  the  earth's  radiation.  The  upper  film  is  shielded  from  earth  and  is 
exposed  to  the  cold  sky.  Consequently  the  temperature  of  the  upper  film  is 
lowest. 
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20.  General  Philosophy  and 
Techniques  of  Balloon  Control 
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20.1  INTRODUCTION 

Is  balloon  control  (henceforth  referred  to  as  AC,  aerostat  control)  a  reality? 
Can  this  encapsulated  chunk  of  gas  be  directed  to  a  destination  with  any  degree  of 
accuracy?  One  hint  is  that  manned  balloon  pilots  are  often  guided  by  rules  derived 
from  conventional  aircraft  manipulation.  Many  of  the  problems  such  as  over- 
control  are  identical.  Rather  than  risk  tautologies,  let  us  now  examine  actual 
flight  experience  for  evidence. 

The  first  example  (Figure  20. 15  less  involve  a  manned  flight.  A  low  level, 
open  gondola  exercise  ideally  illustrates  the  fundamental  approach  to  AC.  Launch¬ 
ing  50  miles  upwind,  one  of  the  objectives  was  to  pass  over  Holloman  Air  Force 
Base  around  sunrise.  Gradient  wind  above  the  friction  level  \.as  from  the  south¬ 
west.  Southeasterly  night  drainage  winds  from  the  high  Sacramento  Mountains 
prevailed  below.  The  pilots  "drove"  toward  those  mountains  in  the  gradient  wind 
until  they  were  reasonably  confident  of  being  above  the  region  of  drainage  flow. 

Now  the  balloon  was  valved  down  a  few  thousand  feet,  and  vectored  in  or.  the 
Holloman  flashing  beacon.  Trajectory  corrections  were  simple.  To  steer  right, 
apply  power  in  the  form  of  ballast.  To  steer  left,  drop  flaps  by  pulling  on  the  apex 
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valve  cord.  The  flight  actually  did  arrive  directly  over  the  runways  at  0600.  A 
few  days  later,  flying  north  near  this  same  course  in  a  light  aircraft,  I  experienced 
a  stronger,  southwest  gradient  wind.  The  result  was  an  annoying  cross  wind. 

Again  it  was  early  morning,  so  with  a  minor  drop  in  altitude  the  cross  wind  was 
promptly  transformed  into  a  convenient  tail  wind.  In  both  cases,  one  adjusts  alti¬ 
tude  to  take  maximum  advantage  of  vertical  wind  shear. 

Figure  20.  2  illustrates  a  second  example,  an  unmanned  flight  with  more  sophis¬ 
ticated  requirements.  The  operation  demanded  penetration  of  a  10  square-mile 
target  area  while  bracketing  the  1 5  to  40K  ft  region.  There  were  two  different  in¬ 
tercept  times,  9  hours  apart,  which  we  hoped  to  achieve  with  one  flight.  The  first 
phase  was  easily  satisfied  by  irreverently  launching  from  the  center  of  the  target. 


Figure  20. 1,  Open  Gondola  Trajectory 


Figure  20.  2.  "Race  Track"  Technique  for  Target  Flights 


The  mission  was  performed  in  a  month  with  an  intriguing  grab  bag  of  easterly  flows 
above  persistent  westerlies.  The  transition  zone  found  both  light  northerly  and 
southerly  winds,  ideal  for  completing  the  race  track.  A  field  of  light  easterlies 
was  employed  to  drive  across  and  upwind  of  the  target,  while  expending  time  in 
the  long  interval  between  intercepts.  Total  deviation  was  only  25  minutes  in  9  hours. 

One  sees,  therefore,  that  AC  is  achieved  primarily  by  adjusting  vertical  posi¬ 
tion  or  rate,  launch  position  and  launch  season,  to  take  advantage  of  variations  in 
the  vertical  wind  profile.  The  second  example  utilized  maximum  conditions,  but 
we  shall  find  that  a  high  percentage  of  routine  launches  can  still  take  advantage  of 
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20.2  APPLICATIONS  OF  BALLOON  CONTROL 

The  standard  constant -level  balloon  profile  involves  a  continuov  ascent, 
float  at  a  single  level,  and  descent  by  parachute.  Ten  to  fifteen  years  ago,  re¬ 
quirements  for  deviations  from  this  simple  vertical  trajectory  provided  the  cata¬ 
lyst  for  AC  development.  Experimenters  concerned  with  obtaining  vertical  slice 
data  through  the  atmosphere  might  purchase  two  flights  for  the  price  of  one  by 
having  the  entire  system  slowly  valved  down,  at  least  to  the  tropopauce.  This  is 
a  region  of  special  interest  for  atmospheric  scientists,  and  very  fine  detail  might 
now  be  obtained  by  driving  the  balloon  through  a  number  of  times,  and  at  very 
slow  ascent  rates.  An  alternate  technique  would  be  to  step  through  in  a  succes¬ 
sion  of  float  altitudes,  perhaps  only  1000  feet  apart.  The  potential  for  innumerable 
float  altitudes  is  limited  only  by  balloon  volume  and  ballast.  In  Figure  20.  3,  four 
are  demonstrated,  with  sufficient  initial  ballast  for  two  or  three  more. 

Concurrent  with  preliminary  requests  for  modified  flight  profiles,  a  different 
problem  appeared,  generating  further  momentum  in  AC  development.  White  Sands 
Missile  Range  became  interested  in  utilizing  balloons  as  targets  for  guided  mis¬ 
siles.  This  application  required  positioning  the  aerostat  over  a  specified  target 
area  (generally  10  miles  square)  at  a  predetermined  time  and  altitude.  The  early 
flights  were  especially  difficult,  since  economics  negated  use  of  ballast  or  an 
apex  valve.  AC  was  applied  primarily  by  judicious  choice  of  the  launch  site  and 
initial  ascent  rate.  Occasionally  a  few  thousand  foot  tolerance  in  float  altitude 
provided  lucrative  variations  in  trajectory.  This  kind  of  mission  gradually  ex¬ 
panded  to  include  dropping  powered  or  dummy  nose  cones,  ejection  seats,  and 
even  Captain  Kittinger,  over  WSMR  target  areas.  Indeed,  target  flights  are  still 
in  process  today,  and  include  balloons  as  large  as  26-million  cubic  feet,  in  the 
case  of  Project  Voyager.  Timing  is  especially  difficult  since  WSMR  is  inclined 
to  schedule  a  balloon  mission  as  if  it  were  a  missile.  The  necessity  for  precision, 
however,  has  contributed  further  discipline  to  AFCRL  ballooning,  and  conforms 
nicely  to  the  overall  philosophy  of  AC. 

Statistics  from  these  target  flights  offer  one  of  the  best  quantitative  tools  for 
judging  effectiveness  of  AC.  The  results  are  rather  surprising.  Figure  20.  4 
indicates  that  59  percent  have  been  within  5  nautical  miles  of  target  center  -  not 
just  within  the  area.  Accuracy  has  remained  more  or  less  constant  over  the  years, 
since  the  earlier  missions  flew  at  lower  altitudes  (averaging  50K  ft)  but  with  less 
control  capability.  The  more  recent  operations  see  substantial  airborne  control, 
but  launch  sites  are  fixed,  and  altitudes  range  up  to  130K  ft.  Figure  20.  5  indicates 
that  70  percent  of  the  missions  have  been  within  15  minutes  of  scheduled  intercept, 
which  is  average  WSMR  mission  tolerance.  Looking  at  Figure  20.  2  again,  we  see 
the  prime  target  area.  That  particular  flight  was  not  typical,  since  it  involved 


Figure  20. 4.  Position  Accuracies  for 
Target  Flights 


Figure  20.  5.  Timing  Accuracies  on 
Target  Flights 


relatively  low  altitude,  with  two  intercept  times.  But  it  does  vividly  illustrate 
the  degree  of  finesse  possible  in  AC.  In  several  target  exercises,  the  balloon 
arrived  at  float  altitude  short  of  the  target,  with  calm  winds,  or  flow  blowing  it  in 
the  opposite  direction.  We  promptly  went  down  10  to  15, 000  feet,  drove  into  the 
target,  and  ballasted  rapidly  back  to  float  for  a  successful  mission.  One  needs 
copious  ballast  and  a  low  air  intake  altitude  for  this  sort  of  acrobatics. 

Contrasting  terrain  features  offer  special  problems  for  target  flights.  Even 
at  50  kilometers,  a  balloon  floating  from  the  flat  plains  of  Texas  will  experience 
a  trajectory  deflection  as  it  passes  over  the  Rocky  Mountains.  Deflection  varies 
with  speed,  time  of  day  and,  probably,  altitude.  Hitting  the  target  in  this  case 
is  like  playing  a  billiard  shot.  One  solution  involves  prior  launch  of  a  small  path¬ 
finder  balloon  to  calibrate  the  situation.  Another  is  to  level  off  at  several  altitudes 
below  natural  float  until  you  find  one  that  vectors  into  the  bull's  eye.  Then  latch 
ballast  open  before  penetrating  the  target  border.  This  allows  time  for  other 
command  functions,  which  usually  are  required  just  prior  to  the  intercept. 

Now  we  turn  to  an  aspect  of  AC  which  has  wide  application  in  everyday  balloon 
operations  -  avoidance  of  weather.  It  might  be  expressed  by  the  equation 
(No  Go)ac«Go,  and  a  classic  example  is  offered  in  Figure  20. 8.  The  normal  pro¬ 
file  (to  the  south)  wquld  have  resulted  in  a  termination  well  within  a  region  of  ex¬ 
tended  cloud  ceilings.  By  leveling  off  at  60  K  ft  for  1. 5  hours,  the  flight  was  driven 
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Figure  20.  8.  Profile  Modification  for  Weather  Avoidance 

safely  into  the  clear  area  up  north.  Penetration  of  the  clouds  after  launch  occurred 
within  local  restricted  areas. 

In  many  cases,  payload  or  balloon-system  restrictions  prohibited  such  ex¬ 
tended  maneuvers.  Merely  decelerating  ascent  rate  during  penetration  of  the  jet 
stream  can  provide  some  correction,  if  the  direction  is  favorable.  Sometimes 
there  is  significant  variability  in  the  float  wind  region,  and  a  minor  altitude  com¬ 
promise  can  make  the  equation  work.  Occasionally,  stretching  a  12-hour  flight 
into  a  24-hour  flight  provides  another  solution.  The  procedure  is  simplified  by 
allowing  the  balloon  to  sei  tie  into  regions  of  minimum  wind  speed  in  the  low  strato¬ 
sphere.  Not  only  does  this  require  less  ballast  than  a  normal  night  time  flight, 
but  overall  trajectory  will  not  be  significantly  lengthened.  The  latter  is  actually 
a  special  case  of  our  fourth  application;  minimizing  trajectories. 

We  saw  in  Figure  20. 2  how  a  "race  track"  course  was  established,  taking  ad¬ 
vantage  of  the  stratosphere  wind  reversal  and  the  range  of  directional  choices  in 
the  transition  zone.  Here  one  also  finds  the  layer  of  minimum  wind  which  may  pro¬ 
vide  virtual  hovering  of  the  system.  Methods  and  climatology  of  hovering  have 
been  covered  in  numerous  presentations  by  Mr.  Nolan  of  AFCRL.-  In  its  extreme 
form  the  technique  is  an  alternate  to  captive  ballooning. 


A  final  application  is  float -altitude  adjustment,  a  variant  of  profile  modifica¬ 
tion.  In  Figure  20.  3  there  were  two  examples.  The  balloon  established  a  natural 
float  at  82K  ft,  and  was  then  valved  to  assume  a  new  float  at  80K  ft.  Later,  an 
interim  float  at  67.  SK  ft  was  ballasted  to  69K  ft.  The  procedure  usually  dictates 
a  number  of  small  incremental  valvings  or  ballast  drops.  It  is  employed  when  a 
contractor  desires  a  very  precise  float  altitude.  Perhaps  the  simplest  technique 
is  to  set  the  gross  load  for  a  float  several  thousand  feet  too  low.  and  then  very 
slowly  ballast  into  position.  These  maneuvers  are  complicated  by  dynamics  of 
natural  float  oscillations,  which  may  range  over  1000  feet.  Determination  of  the 
actual  altitude  poses  other  problems  since  the  aerostat  actually  floats  on  a  constant 
density  surface. 

In  summary,  principal  applications  of  AC  are  as  follows: 

(1)  Special  flight  profiles 

(2)  Target  flights 

(3)  Avoiding  weather 

(4)  Minimizing  trajectories 

(5)  Adjusting  float  altitude 

20.3  THE  MECH  ANICS  OF  COMROL 

We  know  what  and  why;  the  next  subject  is  how.  The  first  item  of  implementa¬ 
tion  is  versatile,  reliable,  on-board  control  instrumentation.  Not  only  does  con¬ 
sistent  performance  from  instrumentation  inspire  confidence,  but  it  determines 
the  safety  and,  therefore  the  feasibility  of  most  AC  activities.  Anytime  a  valving 
descent  is  initiated,  especially  at  night,  (me  must  have  complete  assurance  that 
recovery,  in  the  form  of  ballast  control,  will  be  available.  Otherwise  one  is 
confronted  with  single-engine  aircraft  flight  philosophy  which  requires  that  poten¬ 
tial  emergency  landing  sites  be  continually  mentally  surveyed.  A  completely  in¬ 
dependent  back-up  package  with  three  basic  commands  •  ballast,  valve  and  termina¬ 
tion.  is  one  very  efficient  approach.  A  minimum  altitude  ballast  floor  provides 
further  reserve.  The  use  of  downwind  command  stations,  tracking  aircraft  com¬ 
mand  capability,  and  a  spread  of  communication  frequencies  to  cover  diurnal  shifts 
are  other  precautions.  Telemetry  functions  which  describe  actual  minutes  valved 
and  ballast  residue  are  not  mandatory,  but  contribute  to  precision  For  AC, 
rapidly  and  easily  converted,  moderately  accurate  altitude  information  is  more 
Important  than  high  accuracy.  Telemetry  verification  of  command  reception  is 
mandatory  in  order  to  establish  timing.  Historically,  balloon  instrumentation  has 
demonstrated  continuous  advance  in  sophistication  and  reliability,  thereby  afford¬ 
ing  more  opportunity  for  AC. 
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Although  the  atmosphere  holds  most  of  the  cards  in  this  AC  game,  meteoro  - 
logical  support  becomes  a  vital  element  of  control.  Perhaps  the  key  word  in 
NASA's  brilliant  Apollo  operations  is  "update",  and  the  same  thing  holds  to  a 
large  extent  in  AC.  There  is  no  better  forecast  than  current,  prevailing  weather. 
A  weather  station  immediately  adjoining  the  balloon  flight  center  is  an  optimum 
solution.  Standard  upper  air  data  become  available  only  twice  a  day.  A  source 
of  supplementary  radiosonde  information  is  therefore  highly  desirable.  AFCRL 
schedules  a  run  which  will  be  complete  about  one  hour  prior  to  launch,  and  in¬ 
cludes  the  temperature  profile  on  the  height-time  curve.  A  raw  chart  is  seen  in 
Figure  20.  7.  Summer  and  winter  standard  curves  are  employed  for  comparison 
so  that  one  may  quickly  visualize  what  parts  of  the  ascent  will  be  fast  or  slow,  and 
if  the  tropopause  is  unusually  deep  or  sharp.  Note  the  ascent  rate  slopes  which 
provide  a  quick-look  capability.  In  AC  operations  it  also  helps  to  delineate  alti¬ 
tude  of  air-intake,  plus  preliminary  ballasting  and  valving  times. 

Other  techniques  for  obtaining  useful  or  quick  upper  air  data  include  access 
to  special  Air  Force  facsimile  circuit  AFX109,  which  provides  charts  up  to 
100, 000  ft  MSL.  Telephoning  pertinent  stations  for  Jheir  upper  air  data  before 
transmission  time  can  expedite  critical  decisions.  If  you  want  to  know  what  will 
happen  to  the  trajectory  if  float  altitude  drops  slightly,  the  track  of  the  actual  as¬ 
cent  provides  the  moat  fresh  data. 

Now  let  us  focus  on  the  bread  and  butter  mechanics  of  AC,  those  stick  and 
rudder  basics,  ballasting  and  valving  (B&V).  Following  are  some  elementary 
rules  of  thumb. 

RANDOM  GOLDEN  RULES  OFD4V 

(1 )  React  quickly  and  accurately 

(2)  Employ  high  rate#  of  flow 

(3)  Stratosphere  and  troposphere  are  different  animals 

(4)  The  nighttime  stratosphere  eats  ballast 

(5)  Valving  effect  is  minimum  at  sunrise 

(8)  Descent  rates  often  double  after  tropopause  penetration 

(7)  A  cold  or  sharp  tropopause  may  simulate  a  solid  surface 

(8)  Invest  no  ballast  in  post-sunrise  surface  inversions 

(9)  Turbulence  decreases  ascent  rate 

(10)  Carefully  compute  ballast  needs;  fly  double 

(11)  To  level  off,  overvalve  slightly 

(12)  After  the  ballast  is  gone,  ballast 

(13)  The  atmosphere's  command  switch  is  always  on 

Rule  (1)  is  again  related  to  the  lore  of  conventional  aircraft,  which  advises 
"Don't  let  the  ship  sly  you  all  over  the  sky.  You  fly  it.  Do  something;  reset!" 

A  variation  on  this  theme  is.  "Don't  let  the  ship  get  ahead  of  you"  and  this  is 
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especially  pertinent  in  AC.  A  surprising  amount  of  concentration,  discipline  and 
quiet  are  required.  After  all,  a  scrim  balloon  with  a  ten-ton  gross  inflation, 
climbing  at  1400  fpm  in  a  200  knot  jet  stream  is,  in  a  sense,  a  'hotter"  vehicle 
than  some  World  War  Two  aircraft.  Of  course,  reaction  time  also  depends 
heavily  upon  on-board  sensors.  The  art  of  AC  would  be  substantially  enhanced 
by  a  functional  rate  of  climb  indicator. 

In  rule  (2),  the  demand  for  fast  response  implies  high  rates  of  flow  for  both 
ballast  and  valving.  Ballast  capabilities  are  systematically  increasing.  Larger 
area  apex  valves  have  been  utilized,  and  blowing  a  duct  is  another  consideration. 
Faster  flows  also  mean  less  command  time  with  corresponding  benefits  in  the  in¬ 
strumentation  realm. 

Complications  offered  by  rule  (3)  will  be  expanded  when  the  stratopause  is 
penetrated  with  some  regularity. 

Referring  to  rule  (4),  sudden  increase  of  cloud  coverage  or  an  unusual  inver¬ 
sion  can  actually  level  off  a  flight  in  the  night  stratosphere. 

The  solution  to  rule  (5),  if  a  sunrise  or  early  morning  descent  becomes  neces¬ 
sary,  is  to  generate  some  downward  inertia  prior  to  balloon  cunrise.  Cutting  an 
auxilliary  duct,  a  device  being  tested  by  Dr.  Howell,  is  a  more  direct  approach 
if  no  farther  maneuvering  is  desired. 

Rule  (6)  offers  difficulties  in  timing  a  descent,  since  the  balloon  first  slows 
up  radically  at  the  top  of  the  tropopause,  then  falls  out  the  bottom. 

Referring  to  rule  (7).  precision  radar  data  at  WSMR  have  demonstrated  very 
rapid  decelerations  for  balloons  encountering  the  tropopause  on  ascent.  One  inci¬ 
dent  showed  a  flight  literally  bouncing  off  the  tropopause  base  three  times,  after 
contact  at  1000  fpm,  then  dropping  1100  feet  and  finally  penetrating  at  a  slower 
ascent  rate.  The  identical  action  was  visually  observed  for  a  system  which,  at 
launch,  encountered  a  low  level  inversion.  On  top  of  this  tropopause  "firmament", 
especially  with  cold  minimum  temperatures  found  in  southerly  latitudes,  a  slowly 
descending  balloon  will  actually  level  off  for  a  nominal  30  minutes,  sometimes 
longer. 

The  logic  behind  rule  (81  is  that  radar  data  have  shown  the  balloon  is  still 
rising,  although  too  slowly  to  be  detected  by  conventional  on-board  devices.  Alter 
ten  minutes  or  so,  the  escent  rate  Increases  and  is  soon  back  to  normal  unless 
thare  is  significant  cloud  cover. 

Rule  (8)  has  been  the  epoiler  of  many  a  good  trajectory  forecast.  Maximum 
turbulence  usually  does  not  occur  where  the  maximum  jet  exists,  but  at  the  alti¬ 
tudes  of  maximum  shear. 

Rule  (10)  ie  rather  obvious.  A  supplementary  factor  is  that  sxtrs  ballast  can 
always  be  jettisoned  somewhat  early  without  sacrificing  altitude. 

Rule  (II)  pertains  to  float  altitudes  engendered  by  using  the  apex  valve  rather 


than  natural  ducting.  If  the  vehicle  is  valved  initially  to  an  exact  constant  level, 
superheat  will  drive  the  system  up  after  perhaps  five  minutes.  The  process  be¬ 
comes  an  awkward  one  with  repeated  valving  exercises  and  a  large  potential  for 
overcontrol.  Experience  indicates  that  actually  .generating  a  slight  descent  rate 
initially,  something  like  100  fpm  or  less,  usually  results  in  a  stable  float.  The 
technique  is  still  "seat  of  the  pants  '  pilotage,  and  probably  associated  with  the 
fact  that  zero-pressure  balloons  tend  naturally  to  oscillate  at  float. 

Rule  (12)  is  not  an  extract  from  "Alice  in  Wonderland.  "  It  makes  sense  when 
ballast  is  equated  to  aviation  gas.  If  the  gauge  reads  empty  at  10,000  feet,  one 
does  not  automatically  turn  off  the  master  switch.  Even  telemetry  is  not  infallible. 
On  a  critical  flight  it  may  pay  to  blow  ballast  hoppers  by  command  in  order  to  take 
advantage  of  any  residue. 

Rule  (13)  is  aptly  numbered.  The  most  maladroit  armchair  balloon  pilot  can¬ 
not  lacerate  a  planned  profile  more  ingeniously  than  our  wily  atmosphere.  •  A 
height-time  profile  on  a  day  with  deep  surface  inversion,  jet  stream  and  sharp 
tropopause  would  prompt  an  u».wary  analyst  to  flag  five  cases  of  ballasting  or 
valving.  It  typifies  the  major  problem  for  AC.  With  an  ascent  rate  of  600  fpm 
and  800  fpm  required,  the  first  question  is  not  how  much  ballast,  but  what  will 
the  atmosphere  do  to  the  current  rate  ir-  the  next  few  layers?  The  number  of 
variables  contributing  to  the  answer  is  rather  uncomfortable.  If  conditions  over 
the  next  10,000  feet  appear  to  be  conservative,  then  a  rate-of-climb  indicator 
would  be  exceedingly  helpful.  One  simply  ballasts  until  momentum  predicts  the 
system  will  coast  into  the  desired  rate.  Actually,  the  current  ascent  rate  repre¬ 
sents  a  perfect  integrator  of  all  these  variables  at  any  given  point  and  might  pro¬ 
vide  a  clue  to  numbers  coming  up.  This  points  toward  the  next  subject,  a  ubiqui¬ 
tous  computer. 

21).  I  COMIM  TKKS  \M>  \i 

As  small,  relatively  economical  desktop  models  become  rapidly  available, 
their  marriage  with  AC  is  inevitable.  Fast,  accurate  response,  golden  rule 
number  (1)  is  a  computer.  AFCRL,  for  instance,  has  one  program  to  extract 
densities  from  a  local  radiosonde  run,  and  the  densities  are  in  turn  plugged  into 
the  valving  equation  program.  For  the  first  time,  accurate,  simultaneous  tallies 
can  be  maintained  for  ballast  residue,  gross  load  and  free-lift  during  rapid  AC 
maneuvers. 

Suppose  a  mission  requires  reaching  float  at  a  precise  time.  The  following 
table  demonstrates  the  type  of  answers  which  can  be  invaluable  in  such  a  situation. 
100  fpm  over  last  interval  600 

110  fpm  for  prior  interval  660 
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120  overall  fpm  above  tropopause  640 

130  overall  fpm  from  launch  800 

140  minutes  to  float  for  100,  110,  120  80,  75,  77 
150  required  minutes  to  float  70 

160  required  fpm  755 


The  language  is  a  brand  of  imaginary  "basic"  but  it  helps  to  visualize  the 
argument. 

Now  our  procedure  would  be  to  ballast  rapidly  in  very  small  increments  until 
100  to  160  match.  This  could  be  very  effective,  but  still  constitutes  "seat  of  the 
pants"  pilotage.  The  next  step,  going  to  a  larger  computer,  would  involve  a  pro¬ 
gram  solving  the  aerodynamic  drag  constants  of  this  particular  system  during 
ascent.  Taking  into  account  stored  upper  air  data  for  upcoming  slices,  plus 
thermodynamic  factors  engendered  as  a  function  of  the  current  ascent  rate,  it 
then  reads  out  a  new  item,  170  in  the  preceding  readout:  minutes  of  ballast  to 
achieve  150. 


20.5  THE  FUTURE 

This  computer  exercise  suggests  that  we  consider,  in  general,  the  future  of 
AC.  Technological  forecasts  at  this  stage  of  the  game  consist  largely  in  construct¬ 
ing  lists  of  hardware  or  development  contracts  one  would  nominate,  given  an  un¬ 
limited  budget.  So,  in  my  funded  crystal  ball,  I  see  radiations!  sensors  on  the 
balloon  apex  measuring  ambient  atmospheric  parameters,  similar  structure  above 
the  balloon,  and  helium  temperature.  Density  and  pressure  altitude  measurements 
are  complemented  by  gravitational  sensors  which  simultaneously  transmit  three- 
axis  velocities  and  accelerations.  All  of  these  data  are  fed  directly  into  an  on¬ 
board  computer,  which  digests,  solves,  and  then  directs  command  and  ballast 
functions.  From  the  ground,  one  occasionally  addresses  the  computer  to  modify 
the  original  programmed  profile.  You  are  not  too  concerned  about  losing  this 
sophisticated  control  hardware.  After  separation,  the  entire  payload  is  flown 
1000  miles  back  to  the  launch  site  by  inflatable,  radio  controlled  glider,  with  wing 
loading  in  the  dragon  fly  class. 

But  is  even  this  level  of  operation  optimum?  The  system  still  treads  care¬ 
fully  around  activities  of  that  real  dragon,  the  atmosphere. 

The  next  step  may  be  achieved  via  a  tool  to  be  discussed  during  tomorrow's 
session;  powered,  natural  shape  balloons.  But  I  would  like  to  go  even  further  and 
consider  superpressure  balloons  with  solar-powered,  exotic  power  plants  of  some 
sort,  providing  flight  durations  of  one  year  or  more.  This  combination,  piloted 
by  astute  applications  of  AC  would  truly  constitute  an  ultimate  phase  in  ballooning, 
providing,  among  other  things,  a  synchronous  satellite  of  the  atmosphere. 


In  summary,  I  propose  AC  as  a  major  weapon  in  discouraging  the  widespread 
image  of  ballooning  as  a  game  piayed  iargely  with  random  numbers.  The  constant 
level  balloon  opened  up  new  magnitudes  of  opportunity  for  atmospheric  research. 
Plugging  in  the  AC  provides  a  further  dimension. 
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21.  A  Decision  Theory  Model 
for  Ballooning  Problems 
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Abstract 


A  balloon  flight  model  construe  ted  to  show  probability  of  success  at  various 
stages  of  a  flight  operation  can  help  the  planner  make  choices  between  possible 
courses  of  action.  The  value  of  such  a  model  depends  on  how  well  it  approximates 
a  real  operation  and  how  accurately  appropriate  probabilities  are  known.  These 
probabilities  include  balloon  and  hardware  reliability  and  the  probability  that  the 
crew  can  accomplish  each  step  of  the  operation  successfully.  A  first  model  is 
usually  rather  crude,  and  initial  probabilities  are  frequently  guesses.  With  use, 
the  model  can  be  refined  and  the  probabilities  needed  can  be  estimated  quantitatively 
through  observation.  Even  the  most  refined  model  is  only  an  aid  to  the  man  who 
must  make  a  decision,  however.  To  use  it  effectively  he  must  understand  its  nature 
and  supplement  it  with  value  judgments  made  independently  of  the  model.  To  say 
this  another  way,  blind  use  of  an  excellent  decision  model  may  not  result  in  a  good 
decision,  but  a  good  model  used  with  understanding  can  be  a  valuable  tool  to  the 
decision  maker. 

A  first  model  for  scientific  ballooning  is  described  and  used  in  an  example, 
and  a  method  of  getting  the  necessary  reliability  and  operational  probability  con¬ 
stants  is  explained. 
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Although  the  purpose  of  this  paper  is  to  show  an  application  of  decision  theory 
to  a  ballooning  problem,  a  little  background  in  the  theory  of  decision  making  is 
necessary  to  set  the  stage  for  understanding  the  application.  First,  what  is  a 
decision?  Strangely,  most  books  and  papers  on  decision  theory  do  not  give  a  spe¬ 
cific,  concise  definition.  Essentially,  however,  the  decision  process  involves 
recognizing  that  an  action  must  be  taken,  seeking  out  and  comparing  the  conse¬ 
quences  of  taking  the  action  through  each  of  the  various  alternative  ways  open  and 
resolving  which  of  the  alternatives  to  follow.  When  an  alternative  has  been  chosen, 
a  decision  has  been  made.  Whether  one  considers  the  decision  to  be  the  whole 
process  or  the  resolution  made  at  the  end  of  the  process  isn't  important  in  the 
application  of  decision  theory,  but  it  does  affect  the  language  one  uses  in  discussing 
it.  I  shall  use  the  word  "decision"  to  include  the  entire  process.  For  a  more  de¬ 
tailed  discussion  of  the  theory  and  terminology  of  decision  theory,  the  reader  is 
referred  to  Ellon  (1969),  Sisson  et  al  (1967a  and  1967b),  Fishburn  (1964),  Wheeler 
and  Peeples  (1969),  and  Tribus  (1969). 

Decisions  can  be  made  through  the  use  of  formal  procedures,  or  they  may  be 
made  quite  informally.  They  may  be  rational  or  irrational.  They  may  be  good  or 
bad.  These  words,  formal,  informal,  rational,  irrational,  good  and  bad  also  need 
to  be  defined. 

A  decision  was  a  goo  1  one  from  a  decision  maker's  point  of  view  if  the  results 
flowing  from  the  course  of  action  taken  following  the  decision  are  more  favorable 
to  him  than  the  results  he  believes  would  have  followed  other  decisions.  A  decision 
was  bad  if  he  believes  another  possible  decision  would  have  brought  more  favorable 
results.  Whether  a  decision  was  good  or  bad  can  not  be  determined  until  the  con¬ 
sequences  of  the  decision  are  clear,  and  even  then  it  1b  often  difficult  to  weigh 
those  consequences  against  the  possible  consequences  of  other  decisions.  Goodness 
or  badness  is  usually  relative.  In  spite  of  the  difficulty  of  evaluating  decisions,  it 
is  important  in  evolving  better  decision  models  that  an  effort  be  made  to  do  so. 
Rational,  as  used  hore,  has  a  rather  special  meaning.  A  rational  decision  is  one 
which  is  made  by  following  an  agreed-upon  decision  process  and  using  agreed-upon 
criteria  to  specify  how  a  choice  between  alternatives  is  to  be  made.  Thus  the 
engineering  department  of  Balloons  Ltd. ,  a  balloon  manufacturer,  may  have  a 
formal  procedure  (a  Computer  Program  called  BALSPEC-1)  for  determining  the 
engineering  specifications  of  zero-preBsure  balloons  to  meet  stated  flight  require¬ 
ments.  Clearly,  such  specifications  may  be  arrived  at  in  many  other  ways,  but  if 
company  policy  dictates  the  use  of  BALSPEC-1,  it  is  irrational  from  the  point  of 
view  of  the  company  for  a  company  engineer  to  determine  them  in  any  other  way. 


If  one  of  the  Balloons  Ltd,  engineers,  using  another  computer  program,  can 
write  equally  good  (from  his  point  of  view)  though  not  identical  specifications  at 
half  the  cost  of  using  BALSPEC-1,  his  decision  on  what  the  balloon  specifications 
should  be  to  meet  the  requirements  will  be  rational  to  him  but  not  to  the  company. 
On  the  other  hand,  if  he  can  convince  the  company  that  his  specifications  are  as 
good  as  those  turned  out  by  BALSPEC-1,  his  program  is  likely  to  be  adopted  and 
named  BALSPEC-2.  Then  it  would  become  irrational  from  both  his  point  of  view 
and  the  company's  to  use  BALSPEC-1. 

The  example  used  above  will  be  used  further  to  illustrate  the  difference  be¬ 
tween  a  formal  and  an  informal  decision  procedure.  When  flight  requirements  are 
received  by  Balloons  Ltd, ,  they  have  to  be  turned  into  balloon  specifications. 

Once  -  say,  during  the  Siege  of  Paris  in  1870,  when  the  Parisians  were  build¬ 
ing  Montgolfiers  in  their  railway  stations  in  an  effort  to  communicate  with  the 
outside  -  decisions  about  balloon  design  were  made  very  informally.  Each  designer 
had  his  own,  rather  intuitive  ideas  about  gore  patterns.  A  man,  not  a  machine, 
decided  on  the  basis  of  what  cloth  was  available  at  the  moment,  etc. ,  how  each 
balloon  was  to  be  made.  He  had  many  alternatives  from  which  he  selected  one- 
He  made  decisions  informally,  and  most  of  them  were  irrational  to  everyone  but 
him. 

Since  Balloons  Ltd.  uses  a  strictly  specified  procedure  to  design  balloons,  it 
is  formal,  but  is  a  decision  being  made?  Are  there  any  choices?  If  not,  no  deci¬ 
sion  was  made,  because  none  was  necessary.  During  the  evolution  of  BALSPEC-2, 
however,  decisions  were  being  made.  Only  after  the  "mathematical  model"  of  a 
balloon  which  was  used  as  a  basis  for  writing  BALSPEC-2  became  sufficiently 
realistic,  and  the  criteria  for  judging  what  constituted  an  acceptable  balloon  were 
clearly  defined,  could  the  procedure  become  so  formal  that  no  alternatives  were 
considered  to  exist.  The  decision  process  had  been  used  in  selecting  a  model  and 
in  determining  criteria  for  selecting  one  among  the  various  alternative  materials, 
etc.  The  engineers  who  wrote  BALSPEC-1  and  2  had,  in  their  view,  solved  an 
engineering  problem.  So  they  had!  But  they  had  gone  through  a  decision  making 
process  in  doing  it. 

Now  that  I've  shown  that  decision  making,  even  formal  decision  making,  is  not 
new  to  anyone  involved  in  scientific  ballooning,  I  want  to  construct  a  mathematical 
model  of  a  different  aspect  of  scientific  ballooning.  My  mathematical  model  will 
be  a  version  of  the  "decision  tree"  which  is  currently  in  vogue  among  writers  on 
decision  making,  for  example  Archibald  et  al  (1967).  Rather  than  discuss  a  deci¬ 
sion  tree  abstractly,  I'm  going  to  try  to  show  what  one  is  and  how  it  is  used  as  I 
construct  a  decision  model. 
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21.2  I  IIK  UII.UMM  V -PKOJF.r.T cowmn. 

A  balloon  flight  crew  has  been  asked  to  consider  flying  a  4,  500  pound  payload 
to  an  altitude  of  105, 000  feet  to  study  the  tail  of  a  cornet.  The  payload  can  be  flown 
on  a  mylar  scrim  balloon  which  will  cost  $60,  000.  The  scrim  balloon  will  weigh 
2, 000  lbs.  The  manager  of  the  crew  believes  that  a  modern  polyethylene  balloon 
might  also  be  satisfactory,  although  experience  with  polyethylene  carrying  such  a 
heavy  payload  is  quite  limited.  Such  a  balloon  will  weigh  1,  500  lbs  and  cost 
$10,  000.  (The  reader  is  warned  that  these  numbers  and  all  others  used  here  are 
fictitious.  They  are  used  to  demonstrate  a  method  of  solving  a  problem,  and  no 
conclusions  about  any  actual  situation  should  be  drawn  from  them. ) 

If  a  flight  with  one  balloon  were  in  every  way  equivalent  to  a  flight  with  the 
other,  the  crew  would  choose  the  polyethylene  balloon  because  of  the  obvious  cost 
saving.  Several  differences  exist,  however.  The  crew  considers  the  scrim  bal¬ 
loon  to  be  almost  certain  to  succeed.  Therefore  any  failure  which  may  occur  if 
the  scrim  balloon  is  used  is  likely  to  be  due  to  operational  difficulties,  that  is 
electronics,  hardware,  rigging,  launch,  etc.  The  polyethylene  balloon  is  believed 
to  have  a  lower  probability  of  withstanding  the  rigors  of  handling  and  flight  than 
the  scrim,  provided  that  operational  factors  do  not  tip  the  scales  one  way  or  the 
other,  but  the  crew  has  had  more  experience  with  polyethylene  balloons,  and  it 
feels  that  the  probability  of  encountering  operational  difficulties  during  inflation 
and  launch  is  less  with  polyethylene  than  with  scrim. 

The  scientist  and  his  sponsor  understand  in  a  general  way  the  problems  of 
selection,  and  they  know  that  a  flight  attempt  on  either  balloon  may  fail.  The  time 
during  which  the  comet  may  be  viewed  will  permit  the  equipment  to  be  flown  twice 
during  the  comet's  passage  with  reasonable  opportunity  for  repair  between  flights. 
They  are  willing  to  consider  a  second  flight  if  that  seems  appropriate.  Therefore, 
the  crew  may  also  consider  the  possibility  of  using  two  or  more  balloons  and  mak¬ 
ing  at  least  two  flight  attempts  if  necessary. 

If  no  more  information  than  this  were  available,  the  manager  of  the  crew 
would  face  several  possible  alternate  solutions  and  he  would,  through  some  means 
perhaps  not  even  fully  understood  to  him,  make  a  decision.  He  can  buy  the  scrim 
balloon,  and  the  cost  for  the  balloon  and  helium  will  be  $67,  150,  assuming  that 
helium  costs  a  dollar  per  pound  of  lift  and  that  he  will  inflate  to  10  percent  free 
lift.  He  can  buy  a  polyethylene  balloon,  and  the  cost  for  balloon  and  helium  will 
be  $16, 000.  He  can  buy  two  polyethylene  balloons  and  know  that  he  can  attempt  two 
flights  at  a  cost  for  the  balloons  and  helium  of  $33,200.  Such  a  course  will  involve 
additional  time  and  expense  on  the  part  of  the  scientist  and  additional  balloon  flight 
crew  time.  He  can  buy  three  polyethylene  balloons  and  attempt  three  flights  at  a 
cost  for  balloons  and  helium  of  $49,800.  Perhaps  he  might  even  consider  buying 
two  scrim  balloons  or  a  scrim  balloon  and  a  polyethylene  balloon. 
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It  is  clear  to  him  that  at  the  very  least  he  needs  to  calculate  more  carefully 
the  cost  of  flying  two  or  more  flights  on  polyethylene,  but  even  if  he  finds  that  two 
such  flights  can  be  conducted  at  a  cost  comparable  to  one  flight  on  scrim,  should 
he  select  the  polyethylene  ?  Not  necessarily!  If  the  costs  of  two  programs  are 
equal,  he  should  select  the  one  having  the  better  probability  of  success.  This  tells 
him  that  he  also  needs  to  incorporate  some  measure  of  reliability  into  his  decision 
making  process. 


21.3  A  SIMPLE  DECISION  TREE 

As  a  first  try  at  constructing  a  decision  model,  the  manager  drew  Figure  21. 1. 
Events  which  may  occur  during  the  ballooning  operation  are  marked  by  rectangular 
boxes.  In  this  tree  the  event  is  described  briefly  in  each  box,  but  each  event  is 
also  identified  by  a  number  -  just  below  the  event  box.  Events  follow  in  sequence 
from  left  to  right  along  each  branch  of  the  tree.  The  final  event  along  any  branch 
is  either  success  or  failure,  designated  by  S  and  F  respectively. 

The  chart  implies  that  once  inflation  is  started  (event  1)  four  events  only  may 
follow.  These  are:  event  2  -  inflation  will  be  successful  and  the  balloon  will  be 


Figure  21.1.  Balloon  Flight  Decision  Tree  for  One  Balloon  and  One  Inflation 


Launched,  event  3  -  the  balloon  will  fail  in  some  manner  during  inflation  and  be¬ 
cause  the  payload  can  not  be  flown,  insufficient  scientific  data  will  be  collected  and 
the  operation  will  fail,  event  4  -  an  operations  failure  of  some  sort  will  occur 
which  will  result  in  loss  of  the  balloon  and  lead  to  failure  of  the  entire  operation, 
and  event  5  -  a  hold  because  of  some  problems  on  the  part  of  the  scientific  or  opera¬ 
tions  crew  will  result  in  expenditure  of  the  helium  but  will  leave  the  balloon  usable. 

Another  manager  might  have  chosen  different  events.  The  important  thing  is 
that  the  eventb  should  be  pertinent,  and  they  should  be  both  mutually  exclusive  and 
exhaustive,  that  is  they  should  all  be  recognizable,  events  such  that  if  one  occurs 
no  other  can  occur,  and  taken  all  together  they  should  include  all  possible  events. 
One  might  ask,  "what  if  inflation  is  started  and  stopped  almost  immediately  so  that 
essentially  no  gas  is  expended  and  the  balloon  is  not  damaged?  "  Under  such  condi¬ 
tions  the  manager  would  consider  that  event  3  had  occurred,  although  the  cost  would 
not  be  the  same  as  if  all  gas  had  been  expended.  Thus,  somewhat  arbitrary  defini¬ 
tions  are  accepted  in  order  to  simplify  the  chart.  They  are  akin  to  approximations 
often  accepted  in  engineering  practice.  They  should  be  accepted  only  with  know¬ 
ledge  of  their  implications,  however. 

The  probability  that  any  one  of  the  events  will  follow  another  event  is  given 
along  the  arrow  joining  the  event  boxes.  For  example,  is  the  probability  of  a 
successful  inflation  leading  to  an  attempted  launch  once  inflation  is  started.  The 
sum  of  the  probabilities  along  a  set  of  arrows  proceeding  from  any  event  is  1. 

Thus 

ql  +  P1  +  p2  +  p3  '  1  and  Q1  +  P1  +  P2  +  P3  * 

Note  that  along  some  arrows  the  probability  is  shown  as  1. 0,  meaning  that  the  next 
event  is  certain  to  follow.  By  definition,  than,  a  successful  Inflation  will  be  follow¬ 
ed  by  an  attempted  launch.  Also  by  definition  -  if  launch  is  not  attempted,  suffi¬ 
cient  scientific  data  will  not  be  collected,  and  the  mission  will  have  failed. 

Even  if  the  launch  is  attempted,  however,  the  mission  can  fall.The  ways  in 
which  success  or  failure  can  occur  following  a  launch  attempt  are  shown  following 
event  6  on  the  chart.  They  are:  event  7  -  a  successful  flight  in  which  sufficient 
scientific  data  are  collected,  event  8  -  failure  of  the  balloon,  but  the  failure  may 
occur  after  the  scientific  mission  is  accomplished  and  so  not  preclude  success  of 
the  mission,  event  9  -  an  operations  failure  occurs,  but  again  the  mission  may 
succeed  in  spite  of  it,  and  event  10  -  the  scientific  equipment  may  malfunction  or 
insufficient  data  may  be  obtained  for  reasons  other  than  operations  or  balloon 
failure. 

The  probability  that  some  combination  of  events  will  occur  is  calculated  by 
following  the  usual  rules  for  combining  probabilities.  The  tree  helps  in  keeping 


261 


the  procedure  straight.  Thus  the  probability  that  success  will  occur  as  a  result  of 
a  particular  sequence  of  events  is  obtained  by  taking  the  product  of  all  the  proba¬ 
bilities  found  along  the  branch  xepresenting  that  sequence  of  events.  In  Figure  2 1. 1 
the  probability  of  success  and  failure  at  the  end  of  each  branch  is  shown  in  the 
lower  part  of  the  success  and  failure  boxes.  The  overall  probability  of  success 
may  be  obtained  by  summing  the  probabilities  in  all  the  boxes  marked  S,  and  the 
overall  probability  of  failure  may  be  obtained  by  either  summing  all  the  probabili¬ 
ties  of  failure  or  by  subtracting  the  probability  of  success  from  1. 

The  probability  of  success  is 

PS  *  IQj  +  +  ^2a2^  * 

The  probability  of  failure  is 

PF  "  Pi  +  ?2  +  p3  +  ql  lPlXl  +  P2!2  +  P3]  * 

It  may  not  be  obvious  that  Pg  ■  1  -  Pp,  but  if  one  makes  use  of  the  identities 

1*q1"P1+P2  +  P3 

1  -Qj  .Pl  +  p2  +  p3 

1-a^Ii 
1  '  a2  "  !2 

he  can  readily  determine  that  it  is  true. 

By  using  appropriate  probability  values  for  each  of  the  balloons,  the  manager 
can  now  calculate  the  probability  of  success  and  failure  and  compare  them  with 
coat.  Let's  assume  that  the  probabilities  he  needs  are  those  given  in  Table  21. 1. 
We'll  discuss  in  the  next  section  how  he  might  have  arrived  at  such  values. 

The  probability  of  success  with  the  scrim  balloon  (Pg  0)  is 

PS,  a  *  °* 93  10.  86  +  0. 01  x  0.  25  +  0. 07  x  0. 40) 

•  0.  83 

and  with  the  polyethylene 

P_  •  0. 89  [0. 82  ♦  0. 07  x  0.  10  ♦  0.  05  x  0. 40) 
o.p 

•  0.75. 


Table  21.  1.  Operational  Probabilities 


Scrim 

Poly¬ 

ethylene 

Sequeitce  of  Events  to  Which  Probability  Applies 

*»! 

.  93 

.89 

Successful  inflation  following  start  of  inflation. 

Pi 

.01 

.06 

Balloon  fails  on  inflation  attempt. 

P2 

.02 

.03 

Balloon  is  lost  during  inflation  due  to  an  opera¬ 
tions  failure. 

P3 

.04 

.02 

Operations  or  Scientific  hold  causes  loss  of  gas 
but  not  balloon. 

«1 

.86 

.82 

Successful  flight  following  successful  inflation. 

^1 

.01 

.07 

Balloon  fails  during  flight. 

P2 

.07 

.05 

Operations  failure  occurs  during  flight. 

p3 

.06 

.06 

Scientific  failure  during  flight  prevents  success. 

al 

.25 

.  10 

Balloon  failed  but  adequate  scientific  data  obtained. 

[1 

.75 

.90 

Balloon  failed  and  inadequate  data  obtained. 

*2 

.40 

.40 

Operations  failure  but  adequate  data  obtained. 

l2 

.60 

.60 

Operations  failure  and  inadequate  data  obtained. 

The  probabilities  of  failure  with  the  scrim  and  polyethylene  are  respectively: 

P,.  *  1  *  °-  83  "  °*  ‘7 

*  »  ■ 

P„  *  1  -  0.75  •  0.25. 
r  .p 

The  costs  which  the  manager  has  estimated  for  the  operation  depicted  by 
Figure  21.  1  are  shown  in  Table  21.2.  From  Table  21.2,  the  manager  can  assign 
costs  to  each  success  or  failure  event  on  the  decision  tree.  Event  3  will  cost  the 
sum  represented  by  the  symbols  G>E*B+H*l  and  so  will  event  4.  Event  5 
will  cost  G  +  E  +  H  +  !lfthe  balloon  is  not  damaged  and  Its  cost  can  be  recovered. 
If  the  balloon  is  designed  just  for  this  flight,  however,  and  none  of  its  cost  can  be 
recovered,  the  cost  of  event  5  is  the  same  as  events  3  and  4.  The  costs  to  be 
associated  with  each  of  the  successes  or  failures  following  launch  are  all  the  same, 
and  they  are  obtained  by  summing  cost  categories  G.  E,  B,  H,  I  and  F. 
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Table  2  1.  2.  Definition  and  Cost  of  Each  Cost  Category 


Cost  - 

Cost 

Cost  - 

Poly- 

Symbol 

Scrim 

ethylene 

Definition 

Preparing  and  delivering  scientific 

$150,000 

$150,  000 

payload  to  the  launch  site,  including 
all  scientific  crew  costs  prior  to 
layout  for  inflation. 

G 

3,000 

3,000 

Balloon  crew  costs  for  preparations 
leading  up  to  layout  for  first  at¬ 
tempted  inflation. 

E 

1.000 

1,000 

Cost  of  expendable  hardware,  rigging, 
etc.  used  on  each  attempted  flight. 

B 

60, 000 

10,000 

Cost  of  one  balloon. 

H 

7.  150 

6,600 

Cost  of  helium  for  one  inflation. 

I 

1.500 

1,  500 

Balloon  crew  and  scientific  crew  costs 
for  layout,  etc.  through  inflation. 

F 

2.000 

2,000 

Cost  of  launch  and  ensuing  flight 
operation. 

Cost  of  repairing  scientific  and  flight 

R 

10,  000 

10. 000 

equipment  after  a  flight.  Crew  pei 
diem  and  salaries  are  included. 

Cost  of  scientific  crew  per  diem. 

'-D 

1,200 

1,200 

salaries,  etc.  due  to  a  delay  result¬ 
ing  from  an  aborted  inflation. 

'Since  such  a  delay  will  occur  only  if  a  balloon  is  available  for  another  inflation 
attempt,  this  delay  ia  principally  a  wait  for  a  suitable  day.  It  may  be  as  little  as 
1  day  or  it  may  be  many.  The  manager  assumes  3  based  on  normal  activity, 
climatology,  etc. 


The  manager  can  now  determine  the  risk  of  flying  with  polyethylene  by  multi¬ 
plying  the  probability  of  each  failure  event  by  the  cost  of  that  event  and  summing 
all  the  products.  He  can  do  the  same  thing  with  scrim,  and  then  he  can  compare 
the  two  risks.  This  is  the  simplest  way  of  combining  the  measured  of  performance 
(the  probabilities  of  failure  and  the  costa)  into  a  single  measure  of  utility.  If  he 
accepts  this  measure  ss  sn  adequate  one.  he  would  choose  the  balloon  for  which 
the  risk  is  lower. 
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For  balloons  characterized  by  the  data  of  Tables  21.  1  and  21.2,  the  various 
probabilities  of  failure,  the  corresponding  costs  and  the  product  of  the  two  are 
shown  in  Table  21.  3.  The  risk  is  the  sum  of  the  products.  It  is  slightly  lower 
with  scrim. 


Table  21.  3.  Computation  of  Risk  for  a  Flight  of  One  Balloon 
and  One  Inflation 


Prob. 

Symbol 

Scrim 

Polyethylene 

Prob.  of 
Failure 

Scrim 

Cost 

Product 

Prob.  of 
Failure 

Polyethylene 

Cost 

Product 

qiPilj 

.007 

$224,650 

$  1,573 

.056 

$174,  100 

$  9,750 

<^1P2I2 

.03? 

H 

8,761 

.  027 

It 

4,701 

<*1P3 

.056 

II 

12,580 

.053 

II 

9,227 

Pi 

.01 

222,650 

2,226 

.06 

172,  100 

10,326 

P2 

.02 

II 

4,453 

.03 

II 

5,  163 

P3 

.04 

II 

8,906 

.02 

II 

3,442 

Risk 

$38,499 

$42,609 

Risk  as  a  measure  of  utility  does  not  take  into  account  the  value  of  the  data 
one  might  get  from  a  successful  flight.  In  this  case  if  the  value  of  the  data  is  ex¬ 
pected  to  be  less  than  the  cost  of  the  flight  with  a  scrim  balloon  but  greater  than 
the  cost  with  a  polyethylene  balloon,  the  scrim  would  clearly  be  the  poorer  choice. 
If  this  were  true,  however,  to  conduct  ih*  experiment  with  a  balloon  as  a  vehicle 
probably  wouldn't  be  worthwhile  anyway,  and  another  alternative  should  be  sought. 

If  the  worth  of  a  successful  flight  is  known,  a  better  measure  of  utility  than 
risk  can  be  used.  Often  termed  expectation  by  game  and  decision  theorists,  it  is 
the  sum  of  all  the  products  of  the  individual  probabilities  of  success  and  their 
corresponding  gains  (worth  of  the  experiment  less  the  cost)  less  the  risk.  To 
illustrate  for  this  example,  let's  assume  the  value  of  a  successful  experiment  is 
)1,  000, 000.  Then  the  gain  if  one  succeeds  is  ($1, 000,  000  -  $224,  650)  for  scrim 
and  ($1,000,000  -  $174,  100)  for  polyethylene.  It  is  the  same  in  this  example  re¬ 
gardless  of  whether  one  succeeds  via  event  7  or  event  8  or  event  9,  because  the 
cost  is  the  same  for  each  of  these  events.  The  expectation  is  then 


jQ  1  +  q^PjSi ^  +  q^P^a,)  (value  of  experiment  -  cost  of  flight)  -  riskj  . 

For  scrim  this  is  (0.828  x  775,350  -  38,499)  or  $603,490.  For  polyethylene  it 
is  $580,  120.  Expectation  also  favors  scrim  under  these  conditions. 

Fhe  worth  of  an  experiment  is  rarely  known,  a  priori,  but  sometimes  it  is 
possible  to  say  that  it  has  a  value  greater  than  or  less  than  some  specified  value. 
We  can  calculate  a  number  from  the  information  we  have  which  may  be  useful  as 
a  discriminant  between  courses  of  action. 

Let  V  =  value  of  a  successful  flight,  Cg  and  Cp  be  the  costs  of  a  flight  with 
scrim  and  polyethylene  respectively  and  rs  and  rp  the  risks  with  scrim  and  poly¬ 
ethylene.  Then  in  this  simple  case 

es  =  (V  *  Cs)  Pg  g  -  rg  (expectation  with  scrim) 

and 

ep  =  (V  -  Cp)  Pg  p  '  rp  (expectation  with  polyethylene). 

If  one  equates  the  expectation  with  scrim  to  that  with  polyethylene,  he  can  cal¬ 
culate  the  value  of  V  (designated  by  Ve)  for  which  scrim  and  polyethylene  are 
equally  attractive.  Thus 

fc  P*  +  rj  -  (CP*  +  r  ) 

V  a  -  S  S,S  8'  ^  P  S,p  p/ 

e  pS,s  "  ^S,p 


(224,  650  x  0.  828  +  38,  499)  -  (174,  100  x  0.  754  +  42,  609) 

- 6.828“  0.75? - 


s  $684,000.  (21.1) 

If  the  sponsor  or  the  scientist  regards  the  worth  of  a  successful  experiment  to 
exceed  Inis,  Hit  s-.mm  =hr  ’4  he  o'.  . ...  Tf  not,  the  polvethylene  should  be  chosen 

unless  the  worth  of  the  experiment  doesn't  greatly  exceed  the  cost  of  a  flight  on 
polyethylene.  If  it  doesn't,  the  advisability  of  flying  the  experiment  on  any  balloon 
should  be  seriously  questioned. 


21.4  ESTIMATING  PROBABILITIES 

Normally  a  balloon  flight  facility  manager  doesn't  think  in  terms  of  proba¬ 
bilities  such  as  those  listed  in  Table  21. 1,  but  he  does  frequently  know  the  percen 
tage  of  flight  attempts  which  result  in  successful  flights.  He  also  can  usually 


determine  from  records  available  to  him  what  fraction  of  the  balloons  fail  during 
inflation  and  what  fraction  fail  during  flight.  In  these  and  similar  records  he  may 
have  the  data  required  to  form  good  estimates  of  some  of  the  probabilities,  in 
Table  21. 1  may  be  estimated  by  dividing  the  total  number  of  attempted  inflations 
into  the  number  of  successful  ones,  taking  care  to  define  a  successful  inflation  as 
it  is  defined  in  Table  21. 1.  An  error  could  easily  be  made  here  by  including  as 
successes  those  inflations  which  were  successful  except  that  for  operations  or 
scientific  reasons  they  were  not  followed  by  a  launch  attempt.  Assume  for  purpose 
of  illustration  that  100  inflations  of  scrim  balloons  in  the  appropriate  size  and  load 
carrying  range  have  been  attempted.  Of  these  93  were  successful,  one  failed  due 
to  a  defective  balloon,  two  were  destroyed  due  to  operational  errors  and  four  were 
either  partially  or  wholly  inflated  but  for  operational  or  scientific  reasons  were 
then  deflated  and  stored  for  future  use  without  damage  to  the  balloon.  Then  the 
numbers  93/100,  1/100,  2/ 100  and  4/100  are  estimates  of  the  probabilities  q^,  pj, 
p2  and  pg.  Now  a  population  of  100  is  a  fairly  large  one  in  ballooning  if  the  balloon 
size  and  payload  range  are  at  all  restrictive,  and  when  99  out  of  100  balloons  per¬ 
form  satisfactorily  during  inflation  {there  were  three  failures,  but  two  were  be¬ 
lieved  or  known  to  have  been  caused  by  operational  failures),  one  is  willing  to 
concede  that  the  balloons  perform  reliably  through  the  inflation  operation.  In  fact, 
most  of  us  probably  wouldn't  reject  the  statement  that  the  reliability  through  in¬ 
flation  is  0.  99. 

Would  we  as  readily  accept  the  statement  that  the  probability  of  failure  is  0.  01 
knowing  that  only  one  failed?  That  failure  could  have  been  an  accident,  or  perhaps 
it  was  an  accident  that  only  one  failed.  Several  others  may  have  been  on  the  verge 
or  failure.  We  can  not  doubt  that  the  probability  of  failure  is  0.  01  without  also 
doubting  that  the  reliability  is  0.  99,  however.  The  point  is  that  even  with  a  record 
of  flights  which  is  large  in  terms  of  scientific  ballooning,  it  is  clear  that  we  ques¬ 
tion  the  accuracy  of  probability  values  calculated  from  it. 

I  have  outlined  a  way  to  use  past  performance  records  to  estimate  probability 
values  which  can  be  used  in  decision  models,  but  I  have  also  cast  doubt  on  the 
accuracy  of  the  values  obtained,  especially  when  the  sample  size  is  small.  Another 
reason  exists  for  questioning  the  accuracy  of  probability  estimates  based  on  past 
performance.  What  if  the  company  which  laminates  the  mylar  film  to  the  dacron 
scrim  has  made  a  subtle  change  in  the  lamination  process?  Do  the  results  of  the 
past  still  provide  a  basis  for  making  estimates  about  the  behavior  of  scrim  balloons 
in  the  future?  We  don't  know,  of  course,  but  if  we  accept  the  hypothesis  that  the 
past  offers  no  information  about  the  future  because  of  this  change,  we  must  start 
over  again  with  material  tests,  test  flights,  etc. ,  if  we  are  to  have  any  basis  for 
decisions  about  courses  of  action  for  the  future.  Changes  such  as  the  one  sug¬ 
gested  here  are  rarely  so  drastic  that  they  cause  us  to  lose  complete  faith  in  the 
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value  of  past  performance  as  a  measure  of  future  performance.  Usually  we  accept 
the  thesis  that  past  performance  of  a  system  provides  an  acceptable  first  approxi* 
mation  to  future  performance  of  a  similar  system;  then  we  modify  that  first  appro¬ 
ximation  to  account  for  known  or  anticipated  differences  in  the  system. 

Because  we  know  that  the  accuracy  of  the  best  probabilities  we  car  ''Main  to 
use  in  a  formal  decision  model  is  open  to  question,  we  may  question  the  wisdom  of 
using  them  at  all  in  decision  making.  But  can  we  make  a  decision  without  using 
some  measure  of  reliability?  If  we  choose  from  two  courses  of  action  the  one 
which  will  be  less  expensive  if  every  aspect  of  the  operation  is  successful,  we  are 
implicitly  assuming  that  the  difference  in  probability  of  success  of  the  two  systems 
is  sufficiently  small  that  the  cost  difference  is  more  significant  than  reliability. 

If  we  are  determined  to  buy  the  balloon  system  which  is  more  likely  to  succeed,  we 
must  first  decide  which  system  that  is,  requiring  at  least  that  we  made  a  compara¬ 
tive  estimate  of  the  likelihood  of  success.  We  are  also  implicitly  assuming  that 
the  difference  is  great  enough  to  compensate  in  some  way  for  the  difference  in  cost 
if  the  one  we  select  is  the  more  expensive  one.  It  is  difficult  to  conceive  that  a 
decision  can  be  made  between  two  balloon  systems  unless  the  decision  maker  does 
make  either  explicit  or  implicit  assumptions  about  the  relative  likelihood  (proba¬ 
bility)  of  success  of  the  systems.  If  such  assumptions  are  indeed  made,  the  deci¬ 
sion  maker  should  use  the  best  information  he  has  to  estimate  the  likelihood  of 
success,  and  he  should  use  the  estimates  he  makes  in  such  a  way  that  he  under¬ 
stands  at  least  qualitatively  how  they  influence  the  decision. 

If  we  accept  these  arguments  and  the  conclusion,  we  see  the  need  for  con¬ 
sciously  determining  and  using  probabilities  in  decision  making,  and  we  recognize 
that  probabilities  which  are  applicable  to  ballooning  will  always  be  estimates.  We 
recognize  the  need  therefore  to  understand  how  these  estimates  affect  our  decisions 
so  that  we  can  take  into  account  any  doubts  we  may  have  about  the  accuracy  of  the 
estimates. 

In  the  statement  of  the  problem,  it  was  pointed  out  that  experience  with  flights 
ot  polyethylene  balloons  carrying  heavy  payloads  is  quite  limited.  Any  estimate  of 
the  probability  of  success  of  a  polyethylene  balloon  syst<  n»  ol  the  type  required 
which  can  be  made  from  past  performances  of  comparable  systems  will  therefore 
be  very  doubtful.  On  the  other  hand,  from  his  records  the  manager  knows  that 
there  is  a  wealth  of  data  on  polyethylene  systems  carrying  smaller  payloads.  He 
knows  that  several  flights  carrying  payloads  nearly  as  heavy  as  this  one  have 
succeeded  and  a  few  have  failed.  Further,  recent  improvements  have  been  made 
in  the  seal  strength  of  polyethylene  balloons.  He  must  try  to  use  this  and  other 
information  available  to  him  to  make  the  estimates  he  needs. 

He  can  simply  make  an  educated  guess  at  the  value  of  each  of  the  probabilities 
he  needs  for  the  decision  model,  using  his  experience  and  knowledge  to  guide  him 


and  making  use  of  the  fact  that  the  sum  of  the  probabilities  of  each  of  several 
groups  must  be  unity.  He  can  ask  others  who  have  experience  in  ballooning  to 
make  such  guesses  also,  after  assuring  himself  that  each  understands  the  purpose 
of  the  guesses  and  has  reviewed  the  pertinent  information  available  to  him.  An 
open  discussion  of  information  by  those  who  are  going  to  contribute  guesses  can  be 
helpful.  It  will  expose  each  to  the  other's  concepts  of  what  information  is  perti¬ 
nent.  It  is  probably  better  for  each  contributor  to  make  his  guesses  privately  than 
publicly  in  a  meeting,  however. 

The  various  guesses  can  be  combined  in  any  number  of  ways.  If  all  contri¬ 
butors  are  equally  knowledgeable  and  all  are  considered  to  be  unbiased,  an  un¬ 
weighted  average  of  all  guesses  of  a  particular  probability  may  be  best.  The  aver¬ 
age  then  provides  the  group's  best  estimate  and  the  variability  of  the  responses 
serves  as  a  measure  of  the  uncertainty.  A  weighted  average  has  some  potential 
advantages  over  a  straight  average,  however,  because  it  allows  the  values  con¬ 
tributed  by  the  more  knowledgeable  participants  to  be  given  more  emphasis.  If  the 
manager  intends  to  use  a  weighted  average,  he  should  decide  before  he  has  the 
responses  in  hand  what  weights  he  will  assign  to  the  various  contributions.  Other¬ 
wise  he  may  bias  the  results  unduly  by  what  he  himself  believes. 

Let's  assume  that  the  probabilities  given  in  Table  21. 1  for  polyethylene  are  the 
result  of  averaging  the  contributions  of  five  knowledgeable  people.  Let's  also  as¬ 
sume  that  the  person  making  the  estimates  most  favorable  to  polyethylene  turned 
in  the  following  values  for  the  operation  using  a  polyethylene  balloon: 


qx  *  0.91 
Pj  *  0.  04 
P2  ■  0.  03 

p2  ■  0.  02 


Qj  =  0.85 
P!  •  0.  04 
P2  »  0.  05 
P3  «  0.  06 


If  the  other  values  in  Table  21.  1  are  used  with  these,  we  find  that  the  probability 
of  success  with  polyethylene  is 


Pc  „  •  0.  91  [0.  85  +  0.  04  x  0.  10  +  0.  05  x  0. 40] 

D,p 

-  0.  91  X  0.  874  *»  0.795  . 


Thus  the  most  optimistic  set  of  probability  values  shows  an  overall  probability  of 
success  of  0. 795  while  the  adopted  set  showed  0. 754.  Since  the  cost  of  the  opera¬ 
tions  are  unchanged,  the  expectation  for  polyethylene,  using  this  more  optimistic 
probability  and  assuming  the  value  of  a  successful  flight  to  be  $1, 000, 000  is 
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$622,310.  This  exceeds  the  $603,490  calculated  for  scrim.  Also,  a  successful 
flight  must  have  a  value  of  $1, 540, 000  in  order  that  the  expectation  with  scrim  will 
equal  that  with  polyethylene.  This  contrasts  with  a  value  of  $684, 000  using  the 
polyethylene  probability  data  of  Table  21.  1.  The  risk  for  polyethylene  using 
Pp  p  =  0.205  is  $35,280  contrasted  to  $38,499  for  scrim.  Polyethylene  would  be 
the  more  logical  choice  unless  the  value  of  a  successful  flight  is  known  to  exceed 
$1,540,000. 

These  results  show  that  with  the  costs  and  experiment  value  assumed  in  this 
case,  the  various  measures  of  utility  are  fairly  sensitive  to  changes  in  reliability. 
But  if  the  value  of  a  successful  experiment  were  known  to  exceed  $1, 540,  000, 
neither  the  expectation  nor  the  discriminant  would  have  indicated  a  change  of  choice 
from  that  made  with  the  averaged  probability  data.  If  this  were  true,  the  manager 
would  have  been  fairly  confident  that  scrim  was  a  good  choice.  If  he  had  questioned 
that  the  value  of  the  experiment  was  as  great  as  $1,  000, 000,  however,  he  might 
have  wished  to  compare  measures  of  utility  using  one  of  the  more  pessimistic  sets 
of  estimates  of  the  reliability  of  polyethylene.  In  the  end,  he  probably  used  the  set 
he  considered  to  be  the  most  accurate,  but  he  understood  how  variations  in  the 
reliability  of  polyethylene  could  affect  the  measures  of  utility  he  was  using. 

Even  with  the  best  possible  probability  estimates,  a  bad  decision  may  be  made; 
a  decision  based  on  intuitive  feelings  about  reliability  is  as  likely  to  result  in  a  bad 
decision  as  a  good  one.  Therefore,  unless  one  can  devise  an  acceptable  decision 
model  which  is  not  sensitive  to  the  probabilities  of  success  or  failure,  he  must 
make  the  best  estimates  of  reliability  he  can.  The  manager  in  this  case  should 
strive  to  find  better  ways  of  estimating  probabilities  for  future  decision  models. 
Perhaps  he  can  find  ways  to  combine  the  results  of  materials  tests,  seal  strength 
tests,  manufacturer's  quality  control  checks,  etc. ,  into  meaningful  balloon  success 
or  failure  probabilities.  He  must  not  ignore  the  need  for  better  estimates  of  the 
probability  of  success  and  failure  in  the  various  facets  of  operations  either.  Above 
all,  however,  he  should  not  let  the  difficulty  of  obtaining  acceptable  probabilities 
lead  him  to  adopt  a  decision  model  which  implicitly  assumes  values  of  probability 
of  success  and  failure  for  a  balloon  or  for  any  aspect  of  the  operation,  unless  he 
is  aware  that  he  is  making  the  assumption  and  understands  its  consequences. 


21.3  MOKE  COMPLEX  DECISION  TREES 


The  manager,  having  used  decision  theory  to  study  a  very  limited  set  of 
alternatives,  had  a  better  understanding  of  its  limitations  than  he  had  before,  but 
he  also  had  acquired  an  appreciation  for  its  potential  value.  He  decided  to  con¬ 
struct  a  model  to  study  a  more  realistic  set  of  alternatives.  He  assumed  that  he 
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will  have  two  balloons  available,  that  two  attempted  launches  are  permissible  and 
that  he  can  go  through  as  many  as  three  inflations  if  necessary. 

As  a  firtt  step  he  decided  to  extend  the  simple  decision  tree  to  include  the 
possibility  of  a  second  inflation.  The  tree,  showing  events  only  by  number,  is 
presented  in  Figure  21.2.  The  branches  of  the  tree  going  through  events,  2,  3  and 
4  are  exactly  like  the  tree  shown  in  Figure  21.1  except  that  the  success  twigs  at 
the  end  of  the  branch  have  been  gathered  together  into  one  success  bundle  and  the 
failure  twigs  also  are  formed  into  one  failure  bundle.  The  probability  that  events 
will  lead  to  either  of  these  bundles  once  inflation  is  started  is  given  in  the  box 
representing  the  bundle. 

Several  simplifications  of  the  tree  are  possible.  For  the  purpose  to  be  served 
here,  events  3  and  4  can  be  combined.  Also  events  7  through  10  can  be  combined 
into  two  events,  success  and  failure.  The  branch  on  the  tree  growing  through 
event  5  following  the  first  inflation  is  exactly  like  the  tree  itself  without  thatbranch, 
except  that  on  the  tree  event  5  leads  to  a  second  event  1  while  on  the  branch  event  5 
leads  to  failure.  The  branch  growing  through  events  1,  2,  6,  etc.  to  success  and 
failure  is  a  complex,  re -occurring  branch  which  for  this  application  can  readily  be 
simplified  to  the  one  shown  in  Figure  2 1.3.  Making  use  of  these  simplifications 
makes  it  possible  to  redraw  Figure  2 1. 2  as  shown  in  Figure  2 1. 4.  The  sequence 
of  letters  following  each  S  and  F  event  box  will  be  explained  in  the  next  paragraph. 
Calculating  the  probability  that  events  will  lead  to  any  one  of  the  success  or  failure 
boxes  is  simple  from  this  diagram. 

The  sequence  of  letters  following  each  success  and  failure  box  are  the  letter 
symbols  for  the  cost  categories  shown  in  Table  21.  2.  They  are  written  in  a  special 
sequence  to  help  avoid  errors.  Starting  with  the  shortest  sequence,  that  following 
events  3  and  4  after  the  first  attempted  inflation,  the  costs  are  the  common  costs 
which  aren't  repeated  (G),  the  cost  of  expendable  hardware  (F)  which  must  be  re¬ 
placed  after  each  launch  attempt,  the  cost  of  the  balloon  (B),  the  cost  of  the  helium 
(H)  and  the  cost  of  the  inflation  operation  I.  The  cost  categories  which  occur  if  the 
balloon  Is  flown  after  the  first  inflation  are  enowp  after  the  Sj  and  Fj  event  boxer 
at  the  top  of  the  chart.  The  sequence  is  exactly  the  same  as  the  sequence  described 
above  except  that  the  cost  of  the  flight  (F)  is  added.  This  F  should  not  be  confused 
with  a  failure  symbol,  but  the  usage  is  so  different  that  no  confusion  is  likely. 
Enough  has  been  said  that  it  should  be  fairly  obvious  If  one  starts  at  the  left  side 
of  the  chart  and  adds  cost  categories  as  events  occur  along  any  branch,  he  has  the 
appropriate  sequence  when  he  reaches  the  end  of  the  branch.  The  sequence  after 
each  success  will  end  with  an  F;  the  sequence  after  each  failure  will  end  with 
either  an  I  or  an  F. 

By  using  the  cost  symbol  shown  after  each  failure  event  and  Table  21. 2,  the 
total  cost  of  all  the  events  leading  to  that  failure  event  can  be  readily  calculated. 


2 


Figure  2 1.  2.  Decision  Tree  for  One  Balloon  and  a  Second  Inflation  if  a 
Second  One  is  Advantageous. 


Figure  2 1.  3.  Simplified,  Recurring  Branch  in  Which 
*  Pjtj  +  ^2*2^  ***^  Pp  r  (Pjlj  +  Pjlj  +  Pj). 
Also  Pg  +  Pp  »  1. 
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Figure  2 1. 4,  Simplified  Decision  Tree  for  One  Balloon  and  as  Many  as 
Two  Inflations.  Note  that  (Pi  +  P2  +  P3)  along  the  lowest  branch  could 
be  replaced  by  (1  -  qj) 


That  cost  multiplied  by  the  probability  that  failure  will  oc-ur  in  that  way  gives  the 
risk  of  failure  through  that  particular  chain  of  events,  that  is  the  events  along  that 
branch.  As  in  the  simple  tree,  the  sum  of  all  such  risks  is  the  risk  of  the  entire 
project.  Mathematically  this  can  be  written 

r  ■  E  ICUPp),  (21. 2) 

l-l  1  Fl 

where  there  are  n  failure  events,  (Pp)(  is  the  probability  of  failure  through  the 
1th  failure  event  and  <C)t  is  the  cost  of  all  events  leading  up  to  and  including  that 
failure  event. 

Similarly.  If  the  value  of  a  successful  experiment  is  known,  the  expectation 
can  be  written 

•  ■  f ,  [v  •  c,i]  Cs>r  5,(pr)t(c)t  °,5> 

where  there  are  m  success  events. 


Finally  if  one  wishes  to  know  the  value  the  experiment  must  have  in  order  that 
the  polyethylene  and  scrim  will  have  equal  expectation,  the  following  equation  may 
be  used: 

Vfc  -  ^(ESC ]  -  (EPC)^e  ^PS  s  -  PS  p)  (21.4) 

in  which 

|ESC|  •J?1(cs))(ps,.)i\f1(cs)i(pr..). 

m  n 

|EPC:  ■  jf,  (S)i(ps.p)i  *  £  ww. 

.  m  m 

(ps.s  -  ps.p)  •  jf,  (ps,.)i  •  £  (ps.p)i  • 

Equations  (21.2),  (21.  3)  and  (21. 4)  are  general  and  may  be  used  with  decision 
trees  of  any  complexity  which  are  constructed  like  the  ones  used  here.  Ve  is  a 
sufficiently  useful  number  that  some  additional  discussion  of  it  is  worthwhile. 

The  terms  in  brackets  in  the  numerator  of  Eq.  (21. 4)  may  be  interpreted  as 
expected  costs  of  the  project.  The  first  as  written  above  is  a  best  estimate  of  the 
cost  of  the  operation  with  scrim  if  only  those  balloons,  inflations,  services,  etc. , 
which  are  necessary  to  give  success  or  lead  to  ultimate  failure  are  used.  One 
might  view  it  as  the  best  estimate  we  can  make  of  the  average  cos*  of  a  large  num¬ 
ber  of  similar  projects  carried  out  with  scrim.  Many  will  succeed  with  one  balloon, 
one  inflation  and  one  flight  attempt.  These  will  not  be  very  expensive.  A  few  will 
use  two  balloons,  two  inflations,  etc. .  and  cost  more. 

The  difference  between  the  two  terms  In  brackets  in  the  numerator  is  then  a 
best  estimate  of  the  difference  in  cost  of  carrying  out  the  experiment  using  scrim 
and  polyethylene.  The  terms  in  the  denominator  are  the  overall  probabilities  of 
success  with  scrim  and  polyethylene  in  that  order. 

V'  may  take  any  value,  being  undefined  at  plus  and  minus  infinity.  If  >  o, 
the  more  costly  operation  is  also  the  one  more  likely  to  succeed.  A  decision  be¬ 
tween  them  can  only  be  made  if  the  actual  value  of  the  experiment  is  deemed  to  be 
greater  than  or  less  than  V#.  If  it  la  greater  than  Ve,  one  chooses  the  more  expen¬ 
sive  slternstlvs.  If  it  is  lass,  the  lower  cost  alternative  ts  preferable.  If  Ve  ■  0. 
there  Is  no  difference  in  the  costs,  but  there  is  a  difference  in  the  >.'x>bsbility  of 
success,  and  the  more  reliable  alternative  should  be  chosen.  If  Ve  <  0,  the  more 
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costly  operation  is  the  one  less  likely  to  succeed.  The  choice  is  obvious.  Finally. 

Ve  may  be  undefined  (that  is  ±  «  )  because  the  probability  of  success  with  one 
balloon  system  is  equal  to  the  probability  of  success  with  the  other.  The  lower 
cost  system  should  then  be  chosen. 

The  simplification  in  tree  construction  leading  to  Figure  (21.4)  makes  trees 
with  additional  alternatives  appear  tractible.  Consequently  the  manager  proceeded 
to  construct  a  tree  which  would  let  him  compare  the  alternatives  open  to  him  if  he 
has  two  balloons  and  the  opportunity  for  as  many  as  three  inflations  and  two  launches. 
Figure  (21.  5)  is  the  decision  tree  which  resulted. 

The  events  which  are  numbered  are  defined  exactly  as  they  were  in  the  first 
simple  tree.  The  success  and  failure  events  have  also  been  identified  by  number 
as  well  as  by  the  letters  S  and  F.  The  prc’.ability  symbols  shown  along  the  arrows 
between  events  have  two  numbered  subscripts  instead  of  a  single  one  as  before. 

The  first  subscript  is  used  exactly  as  before.  The  second  one  identifies  the  balloon 
being  used.  If  the  second  balloon  were  exactly  like  the  first,  this  would  not  be 
necessary;  but  if  one  wishes  to  consider  the  possibility  of  using  a  scrim  balloon 
with  a  polyethylene  backup,  the  probabilities  along  the  branches  must  be  differenti¬ 
ated. 

Note  that  some  event  boxes  have  two  or  more  numbers  in  them.  This  was  done 
because  it  was  not  helpful  to  identify  the  events  separately  for  the  decision  the 
manager  was  trying  to  make.  In  the  selection  of  a  balloon,  for  example,  it  is  not 
important  whether  a  balloon  falls  because  of  defects  or  because  It  is  damaged  dur¬ 
ing  the  operation;  therefore  events  3  and  4  can  be  combined  into  an  event  identified 
as  3,  4  and  defined  as  the  occurrence  of  either  event  3  or  event  4. 

The  scientist's  sponsor  might  use  a  similar  decision  tree  to  help  him  select 
the  best  combination  of  crew  and  balloons.  He  would  be  interested  in  differentiating 
crew  performance  and  cost  as  well  as  balloon  performance  and  cost,  and  so  might 
want  to  keep  events  3  and  4  separated;  he  might  wish  to  consider  other  events  as 
well. 

When  events  are  combined  as  3  and  4  are  here,  the  probability  of  occurrence 
of  the  combined  event  is  the  sum  of  the  probabilities  of  the  individual  events  since 
the  individual  events  are  mutually  exclusive.  If  combining  leaves  the  possibility  of 
only  two  events  following  a  given  event,  the  probabilities  are  easier  to  show  as  the 
probability  of  the  occurrence  of  one  of  the  events  and  the  probability  of  non-occur¬ 
rence  of  that  came  event.  This  is  done  following  the  third  inflation  where  2  and 
(1  -qj  2)  used  Instead  of  qj  2  and  (pj  2  +  p2  2  +  p3  2^’  Th*8  is  P°8Sil>le  here 
because  when  all  permissible  inflation  attempts  have  been  made,  event  5  also 
results  In  failure  even  though  a  balloon  may  still  be  available. 

Finally,  note  that  some  of  the  letters  symbolizing  cost  categories  are  under¬ 
lined.  Those  which  are  not  underlined  apply  to  the  first  balloon  used  in  the 


operation;  those  which  are  underlined  apply  to  the  second.  This  becomes  important 
only  if  the  costs  are  different,  for  example  if  the  first  balloon  is  scrim  and  the 
second  is  polyethylene. 

From  Figure  21.  5  and  Table  21.  4,  probabilities  can  now  be  readily  combined 
to  determine  the  probability  of  each  of  the  success  or  failure  events.  From 
Figure  21.  5  and  Table  21.  2,  the  cost  of  each  success  or  failure  event  can  be  deter¬ 
mined.  These  results  are  given  in  Table  21. 5. 

Table  21.5  is  essentially  a  computation  form  from  which  the  value  of  the  vari¬ 
ous  terms  of  Eqs.  (21. 2)  and  (21.  4)  can  be  determined. 


Table  2 1. 4.  Probability  of  Succession  of  Events  for  the  Decision 
Tree  Depicted  by  Figure  21.  5 


Succession 
of  Events 

Probability  Symbol 

Scrim 

Poly¬ 

ethylene 

1  to  2 

t»l.l°rq1.2 

.93 

.89 

1  to  3 

pl.lorp1.2 

.01 

.06 

1  to  4 

P2,  1  0F  P2, 2 

.02 

.03 

1  to  5 

p3,lor  p3, 2 

.04 

.02 

2  to  S 

pS,lorpS,2 

.890 

.847 

2  to  F 

PF,  1  or  PF,2 

.  110 

.  153 

1  to  3.  4 

(pl.l+  p2,l)  or(p1.2+p2,2) 

.03 

.09 

1  to  3,  4,  5 

(i-qlf  i> or  (1  -  qi,2> 

.07 

.  11 

Table  21.  6,  derived  from  Table  21.  5,  gives  the  overall  probability  of  success 
and  failure,  the  risk  (E  (Cj)  (Pp)^  and  the  expected  cost  (Z  (C)j  (Pg)j  +  ^  ^F^i) 

of  a  number  of  possible  alternatives.  The  second  column  of  Table  2 1.  6  shows 
which  failure  probabilities  in  Table  2 1.  5  to  add  to  obtain  the  overall  probability  of 
failure  of  the  mission  (shown  in  column  3)  for  the  alternative  stated  in  column  1. 

The  probabilities  given  in  columns  3  and  5  are  carried  to  the  third  place  to  the 
right  of  the  decimal,  as  they  were  in  Table  21.  5,  for  consistency  in  computations 
only;  they  aren’t  known  that  accurately. 

Column  4  of  Table  21. 6  shows  which  success  probabilities  in  Table  21.  5  to 
sum  to  obtain  the  overall  probability  of  success,  and  column  5  gives  the  numerical 


3y**e,2i:.5,  s«mmary  of  Probabilities  and  Costs  and  Their  Products  for  Various  Balloon  Combinations. 

and  c°b*  symbols  are  taken  frorn  Figure  2 1.  5.  Costs  are  based  on  Table  2 1.2.  probabilities 
on  Table  2 1. 4.  The  column  heading  scrim/polyethylene"  indicates  that  the  scrim  balloon  was  used  firs 
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substitute  fur  the  collection  of  cost  symbols  GEBK1  which  occur  with  evefy  succei 


Table  21.  6.  Probability  of  Success  and  Failure.  Expected  Cost,  Risk  and  Maximum 
Several  Possible  Alternatives 
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probability  of  success.  Column  6  is  the  sum  of  the  products  of  the  individual  proba¬ 
bilities  of  success  and  the  corresponding  costs  given  in  Table  2 1. 5  and  column  7  is 
a  sum  of  the  products  of  the  individual  failures  and  the  corresponding  costs.  The 
numbers  in  column  7  are  the  mathematical  risks  of  the  various  alternatives.  The 
sxim  of  corresponding  numbers  in  columns  6  and  7  is  entered  in  column  8,  and  it  is 
the  average  cost  of  the  alternative  shown  on  that  row  in  column  1. 

Finally  the  last  two  columns  are  the  maximum  cost  and  the  maximum  risk 
respectively.  The  maximum  risk  being  defined  as  the  maximum  cost  times  the 
overall  probability  of  failure.  Note  that  the  numbers  in  the  last  column  are  slightly 
larger  than  the  numbers  in  column  7.  Also  the  average  cost  of  each  of  the  alter¬ 
natives  is  less  than  its  maximum  cost. 

It  is  interesting  to  note  that  for  any  of  the  alternatives  which  include  one  scrim 
balloon  and  one  polyethylene  balloon,  the  overall  probability  of  success  is  slightly 
higher  if  the  scrim  is  flown  first,  but  the  average  cost  is  greater  if  they  are  flown 
in  that  order. 

By  combining  the  data  from  any  two  alternatives  through  the  use  of  Eq.  (21.4), 
the  value  of  the  discriminant  Ve  can  be  determined,  and  the  alternatives  can  be 
compared.  Tables  21.7  and  21.8  show  such  comparisons  between  each  pair  of 
alternatives. 

Tables  21. 7  and  21. 8  are  very  similar.  Both  are  special  matrices.  The  rows 
and  columns  are  identified  by  the  maximum  number  of  balloons  and  inflations  which 
may  be  used  in  a  particular  course  of  action,  and  the  order  in  which  the  balloons 
are  given  is  the  order  in  which  they  will  be  used.  Therefore,  IS,  l*3,  31  is  differ¬ 
ent  from  IP,  IS,  31.  The  elements  of  the  matrix,  except  the  diagonal  elements, 
are  values  of  the  discriminant  which  one  obtains  by  comparing  the  two  courses  of 
action  identified  by  the  row  and  the  column.  The  courses  of  action  are  arranged  in 
order  of  cost  with  the  most  expensive  in  the  top  row  and  left  column,  rhis  arrange¬ 
ment  permits  the  discriminant  values  to  be  entered  in  the  matrix  in  such  a  way  that 
if  the  value  of  a  successful  experiment  exceeds  the  matrix  element,  the  course  of 
action  identified  with  the  row  on  which  the  element  is  found  is  preferable  to  the 
course  of  action  on  the  column.  This  rule  is  stated  in  the  upper  left  corner  of  the 
matrix.  Since  the  elements  along  the  diagonal  are  not  used  for  discriminant  values, 
the  cost  and  probability  of  success  of  the  operation  indicated  by  both  the  row  and 
column  are  shown  there  for  convenient  reference. 

Let's  assume  that  the  value  of  a  successful  experiment  has  been  determined  to 
lie  between  3  and  3.5  million  dollars.  Since  the  most  reliable  choice  is  2S,  31, 
the  manager  selects  the  row  labeled  2S,  31  and  scans  it,  seeking  a  number  larger 
than  3, 000.  This  represents  a  discriminant  value  of  $3, 000,  000  because  all  num¬ 
bers  in  the  body  of  the  table  are  in  thousands  of  dollars.  He  finds  the  number  3,995. 
Since  the  value  V  of  the  experiment  is  less  than  3,  995,  the  column  alternative 


7.  Comparisons  of  Various  Courses  of  Action  Using  Expected  Costs.  Discriminant  values  V 
le  are  given  in  thousands  of  dollars.  1 


173.830 

.75 


Comparisons  of  the  Various  Courses  of  Action  Using  Maximum  Costs.  Discriminant 
in  thousands  of  dollars. 


(IP,  IS,  31)  is  preferable  to  the  row  alternative  according  to  the  instructions  in  the 
upper  left  corner  of  the  table.  In  effect  we  are  saying  that  the  operation  using  two 
scrim  balloons  and  up  to  three  inflations  will  not  on  the  average  be  enough  more 
reliable  than  an  operation  with  one  polyethylene  balloon,  one  scrim  balloon  and  up 
to  three  inflations  to  warrant  the  difference  in  expected  cost  if  the  value  of  the  ex¬ 
periment  is  less  than  $3,  995,  000.  Now  the  manager  enters  the  IP,  IS,  31  row  and 
seeks  a  number  larger  than  3,000.  Since  he  finds  none,  he  accepts  the  one  poly¬ 
ethylene,  one  scrim,  three  inflation  alternative  as  the  best  choice.  He  finds  the 
expected  cost  ($191,  097)  and  the  probability  of  success  (0.  97)  along  the  diagonal 
where  the  IP,  IS,  31  row  intersects  the  IP,  IS,  31  column. 

Using  the  procedure  just  used,  we  can  construct  a  set  of  rules  for  choosing 
alternatives  in  this  case.  These  are  shown  in  Table  21.9  for  both  the  expected 
cost  and  maximum  cost  alternatives.  The  choices  are  ranked  in  the  order  of  des¬ 
cending  experiment  value.  If  the  value  of  the  experiment  is  high  enough,  three 
scrim  balloons  and  up  to  three  inflations  are  preferred  regardless  of  whether  the 
charges  are  to  be  made  only  for  the  balloons,  equipment  and  services  actually  used 
or  for  the  whole  program.  The  preferred  program  at  the  next  lower  experiment 
value  includes  one  scrim  and  one  polyethylene  balloon  and  up  to  three  inflations, 
but  the  order  in  which  the  balloons  should  be  used  differs  between  the  two  costing 
systems.  If  the  charges  are  made  only  for  those  services,  etc. ,  actually  used, 
the  polyethylene  balloon  should  be  used  first  because  the  expected  cost  is  lower 
proportionally  than  the  slightly  lower  reliability.  If  all  balloonB,  services,  etc. , 
are  to  be  paid  for,  however,  the  alternative  having  the  higher  reliability  is  pre¬ 
ferred.  Having  only  one  balloon  and  one  inflation  is  never  a  good  choice,  although 
it  is  listed  in  Table  2 1. 9.  It  is  the  best  choice  only  when  the  value  of  the  experi¬ 
ment  is  less  than  the  cost,  and  under  such  circumstances  the  experiment  isn't 
worth  conducting  in  this  manner. 

In  discussing  the  one  balloon,  one  inflation  model,  risk  was  considered  as  a 
measure  of  utility.  From  Table  21.  6,  we  can  see  that  the  alternatives  would  be 
ranked  as  follows  by  risk:  (1)  2S,  31;  (2)  IP,  IS,  31;  (3)  IS,  IP,  SI;  (4)  2S,  21;  and 
(5)  IS,  IP.  21.  The  first  two  choices,  if  one  were  to  use  risk,  correspond  to  the 
preferred  choices  indicated  in  Table  2 1. 9  for  highly  valued  experiments.  In  uses 
similar  to  this,  choices  made  using  risk  as  a  measure  of  utility  have  been  found  to 
agree  generally  with  choices  made  using  expectation  when  the  value  of  the  experi¬ 
ment  is  high.  Risk  is  not  a  good  measure  of  utility  when  the  value  of  the  experiment 
is  low,  however. 

Now,  what  appears  to  be  a  good  decision  from  the  point  of  view  of  the  manager 
may  not  be  an  acceptable  solution  to  the  sponsor.  For  example,  the  total  amount 
of  money  available  to  the  sponsor  may  be  a  deciding  factor  in  eliminating  some 
alternatives.  Perhaps  if  he  can  hold  his  expenditure  on  Project  Cometatl  to 
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$225,000  or  less,  he  will  have  money  to  sponsor  another  potentially  valuable  ex¬ 
periment.  He  can  use  the  information  in  Table  21. 9  as  input  to  his  own  decision 
model  and  weigh  these  alternatives  against  others  open  to  him.  If  he  should  decide 
that  $225,000  is  all  he  can  invest  in  this  experiment,  two  polyethylene  balloons  and 
three  inflations  is  the  preferred  alternative. 

On  the  other  hand,  suppose  the  sponsor  is  trying  to  decide  between  balloons 
and  a  satellite  as  vehicles  for  Project  Cometail.  He  believes  that  for  $5, 000, 000 
the  probability  of  acquiring  sufficient  acceptable  date  by  satellite  la  virtually  cer¬ 
tain,  say  0.  999.  Furthermore,  he  is  willing  to  invest  the  $5, 000, 000  for  this  pur¬ 
pose  unless  an  acceptable  alternative  can  be  found.  The  manager  can  now  accept 
the  fact  that  the  data  which  can  be  acquired  by  successfully  carrying  out  the  experi¬ 
ment  are  worth  at  least  $5, 000, 000.  Using  that  value  for  V,  he  would  choose 
2S,  31  or  IS,  IP,  31  depending  on  the  mode  of  charging. 

Once  again,  if  the  sponsor  is  trying  to  decide  between  balloons  and  a  satellite, 
he  will  note  that  there  is  still  a  0. 02  probability  of  failure  with  the  best  alternative 
offered  here  using  balloons  as  vehicles.  If  the  satellite  offers  a  0.  999  probability 
of  success,  he  can  calculate  that  the  value  of  the  Cometail  data  must  equal  approxi¬ 
mately  $250, 000, 000  for  the  expectation  from  the  satellite  to  equal  the  expectation 
from  the  best  balloon  choice.  This  approximation  is  made  using  Eq.  (2 1. 4)  a t 
follows: 


5.000.000  -  316.  150 


■  $246,518,210 


This  is  strictly  valid  only  if  thu  total  cost  of  each  program  is  independent  of 
the  success  or  failure  of  the  program  [that  is,  in  Eq.  (21.4),  (C)j  ■  (C)tJ.  That 
the  value  of  a  successful  experiment  will  be  no  high  seems  unlikely,  but  still  the 
sponsor  may  not  be  particularly  happy  with  a  0. 02  probability  of  fhilure. 

The  time  during  which  the  comet  can  be  viewed  satisfactorily  does  not  permit 
more  than  two  flights  by  one  crew,  but  perhaps  a  parallel  effort  by  two  crews 
offers  an  answer.  Each  effort  can  be  independent  of  the  other;  therefore,  if  the 
crews  are  equally  competent,  the  probability  of  success  with  the  second  crew 
should  equal  that  with  the  first.  Also  if  they  are  equally  efficient,  the  costa  should 
be  equal. 

The  maximum  cost  of  such  a  double  effort  with  two  scrim  balloons  and  three 
Inflations  each  would  then  be  $632,300  and  the  probability  of  success.  Ps>  D.  of  the 
dual  effort  is  the  probability  that  at  least  one  effort  will  succeed,  tt  may  be  cal¬ 
culated  in  either  of  the  following  ways: 


* 


PS.  D  *  PS,  1  *  PS,2  PS,  1PS.  2 
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or 


PS.D  *  l1  ‘  Pt,D  m  1  ‘  Pf,  1  Pf, 2 


where  Pg  j  is  probability  of  success  of  one  effort. 

Pg  j  is  probability  of  success  of  the  other  effort,  and 

responding  probabilities  of  failure.  With  the  choice  of  two 
three  inflations, 


Pf.  1  and  Pf.  2  are  cor‘ 
scrim  balloons  and 


Pg  D  ■  0.  98  +  0.  98  -  0.  98  x  0.  98  *  0.  9996 
or 


PS  D  "  1  '  O' 02  x  O'  02  “  0*  9996  • 

This  suggests  a  probability  of  success  which  exceeds  that  assumed  for  the  satellite 
at  less  than  oue  eighth  the  coat.  Dual  efforts  with  one  scrim,  one  polyethylene  and 
three  inflations  would  provide  a  probability  of  success  comparable  with  that  of  the 
satellite  at  one  ninth  the  cost. 


21.6  LOOKING  BACK 

Having  started  with  a  simple  decision  model  which  enabled  him  to  make  quanti¬ 
tative  comparisons  between  the  utility  of  a  single  scrim  balloon  with  one  inflation 
and  that  of  a  single  polyethylene  balloon  with  one  inflation,  the  manager  then  deve¬ 
loped  a  more  complex  model  which  let  him  compare  the  utility  of  a  number  of  dif¬ 
ferent  balloon  operations  with  each  other.  From  that  model  he  developed  quanti¬ 
tative  data  which  were  useful  in  making  rough  comparisons  of  the  various  balloon 
combinations  with  a  satellite  system.  He  realised,  however,  that  his  mode’  for 
decision  making  was  not  designed  to  include  the  satellite;  therefore,  if  he  should 
wish  to  make  a  rigorous  comparison  with  the  satellite,  he  should  review  the  deci¬ 
sion  model  carefully  and  modify  it  as  necessary  to  assure  that  just  comparisons 
can  b<  made.  He  also  assumed  that  the  results  of  the  m^del  were  applicable  to 
another  crew  without  change,  and  he  further  assumed  that  the  probability  of  failure 
of  the  two  were  independent.  If  the  results  deriving  from  these  assumptions  are 
to  be  considered  seriously  in  making  a  decision,  they  should  be  carefully  examined 
tor  validity. 

This  attempt  by  toe  manager  to  construct  a  realistic  decision  model  has  caused 
him  to  look  systematically  at  what  he  believes  to  be  the  most  kigntfiesnt  aspects  of 


the  success  or  failure  of  a  balloon  flight  operation.  He  may  decide  that  he  can 
construct  a  more  realistic  model  for  this  particular  problem;  if  so.  he  should  do 
so.  Whether  he  does  so  or  not,  he  will  realize  that  he  needs  to  institute  ways  of 
obtaining  better  oata  {for  example  cost  estimates,  probabilities,  etc.)  for  use  in 
future  models. 

As  a  result  of  going  through  this  exercise,  he  has  a  better  appreciation  of  the 
way  he  should  interact  with  the  scientist,  the  scientist's  sponsor,  the  balloon  manu 
facturer,  etc. ,  if  all  pertinent  facets  of  a  problem  are  to  be  considered  in  proper 
perspective. 

Ultimately,  of  course,  a  man  makes  the  decision,  but  he  should  make  it  from 
the  vantage  point  of  the  most  careful  possible  consideration  of  all  pertinent  facts. 
Modern  decision  theory  provides  a  systematic  way  of  approaching  that  vantage 
point.  How  closely  the  decision  maker  comes  to  it  depends  on  his  skill  and  dedi¬ 
cation. 
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22.  Heavy  Load  Performance 
of  Strata  Film  Balloons 

L.  Mitlke 
Winzcn  Rtsuarth  Inc. 
Minnoapoli*,  Minnesota 


22.1  INTRODUCTION 

<  During  the  past  several  years  there  has  been  an  increased  demand  for  balloons 

capable  of  carrying  heavier  payloads  to  higher  altitudes.  The  10-million  cubic  foot 
size,  which  was  for  some  time  considered  to  be  a  big  balloon,  has  given  way  to 
polyethylene  balloons  as  large  as  47  million  cubic  feet,  and  the  15  -  30  million 
size  is  becoming  common.  The  payloads  have  increased  from  the  2,  000  lb  bracket 
to  as  much  as  12,  000  lbs  with  numerous  flights  being  made  in  the  4,  000  lb  range. 
These  increased  payloads  are  requiring  am  extension  of  the  state-qf-the-art  in 
balloon  materials,  components  and  launch  procedures.  This  paper  is  a  review  of 
the  heavy  load  flights  with  StratoFilm  balloons,  as  well  as  a  description  of  the  work 
that  is  being  done  to  further  the  state-of-the-art  for  heavy  loads. 


22.2  HISTORY  OF  PAST  FLIGHTS 

In  1959  the  first  10-million  cubic  foot  capped  balloon  was  statically  tested  to 
evaluate  the  ability  of  a  polyethylene  balloon  to  withstand  excessively  high  gross 
inflations.  The  balloon  was  fabricated  from  1  mil  material  aftd  had  all/2  mil 
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internal  cap  and  500  lb  load  tapes.  The  inflation  progressed  satisfactorily  to  a 
value  of  14,  650  lbs  gross.  At  that  point  the  anchor  bolt  fractured,  causing  the 
balloon  to  ascend  a  few  hundred  feet  before  failure.  Although  the  ultimate  capability 
of  the  balloon  was  not  determined,  it  was  useful  to  know  that  it  was  in  excess  of 
14,  650  lbs.  Improvements  in  balloon  materials,  manufacturing  methods,  design 
techniques  and  hardware  have  certainly  increased  the  potential  of  the  polyethylene 
balloon  from  what  it  was  at  the  time  of  this  static  test. 

A  review  of  all  flights  using  WRI  StratoFilm  balloons  was  conducted  for  the 
past  4  1/2  years.  Those  flights  which  involved  payloads  in  excess  of  3,  000  lbs 
have  been  selected  for  study  and  are  tabulated  in  Table  22. 1 .  The  balloon  volumes 
range  from  110,  000  to  3J,  200,  000  cubic  feet.  The  payloads  extend  up  to  almost 
12,  000  lbs.  There  has  been  at  least  one  flight  attempted  using  each  of  the  standard 
launch  techniques  (dynamic,  tandem  and  vertical).  Neglecting  the  two  successful 
ground  tests,  the  collar  test  and  the  flight  abort  due  to  instrumentation  difficulties, 
the  success  ratio  has  been  53  percent,  and  the  average  payload  carried  on  each  of 
the  successful  flights  was  3,  775  lbs .  Of  the  eight  flights  catagorized  as  failures, 
two  were  due  to  mechanical  problems  encountered  during  launch,  three  were  due 
to  insufficient  protection  and/or  operation  of  the  reefing  sleeve,  and  the  remaining 
three  were  due  to  an  opening  of  the  basic  balloon  shell. 


22.3  SPECIALIZED  DESIGN  PROBLEMS 

22.3,1  End  Fittings 

22.  3. 1.  2  APEX  FITTINGS 

Many  years  ago  WRI  adopted  the  plate,  hoop  and  clamp  ring  end-fitting  as  a 
standard  technique  for  the  termination  of  the  load  tapes  at  the  balloon  apex.  This 
design  is  ideally  suited  for  a  taped  balloon  with  tailored  gores  and  has  proven 
successful  for  thousands  of  balloon  flights.  An  important  aspect  of  the  installation 
involved  the  ability  of  the  load  tape  to  be  sealed  in  a  loop  around  the  hoop.  The 
strength-giving  fibers  of  the  load  tape  were  made  of  Fortisan.  Some  time  ago  the 
manufacture  of  Fortisan  filaments  was  discontinued,  and  this  necessitated  a 
search  for  a  substitute  material.  A  very  extensive  material  study  determined 
that  polyester  filaments  have  similar  physical  properties,  and  the  decision  was 
made  to  fabricate  sample  load  tape.  Concurrent  with  this  effort,  due  to  the  dif¬ 
ficulty  encountered  in  sealing  high-strength  Fortisan  load  tapes  together,  a  study 
was  in  progress  to  develop  an  end  fitting  design  that  did  not  incorporate  the  neces¬ 
sity  for  sealing  the  load  tapes  around  the  hoop. 


Table  22. 1.  Heavy  Load  Flights,  1966  -  April  1970  Summary 
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Remarks 

Ground  test  of  tandem  balloon  launch  tech¬ 
nique.  Successful  balloon  performance. 

Ground  test  of  tandem  balloon  launch  tech¬ 
nique.  Successful  balloon  performance. 

Successful  flight. 

Successful  flight. 

Collar  test.  Collar  damaged  balloon  on 
ground  causing  a  flight  abort  prior  to 
launch. 

Descent  started  after  reaching  maximum 
altitude.  Cut  down  after  descending  to 

72  K.  Ft. 

Successful  flight. 

Reefing  sleeve  opened  on  release  from 
launch  arm.  Wind  created  large  sail 
which  caused  hole  below  cap.  Flight 
aborted  on  ground. 

Flight  aborted  due  to  instrumentation 
problems .  Satisfactory  balloon  perfor¬ 
mance  to  termination. 

Successful  flight. 

Successful  flight. 

Balloon  developed  hole  near  top  end  fit¬ 
ting  after  reaching  float  altitude.  Flight 
terminated  early. 

Successful  flight. 
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Short  sections  of  the  end  fitting  have  been  pulled  in  the  tensile  tester  with  very 
good  results.  One  unit  has  been  installed  in  a  static  inflation  of  a  superpressure 
balloon  to  check  its  suitability  for  production  use.  Based  on  the  work  to  date,  plans 
are  being  formulated  to  use  the  fitting  in  the  near  future,  on  a  flight  where  it  is 
anticipated  that  the  loading  on  the  fitting  will  be  approximately  25,  000  pounds. 

22.3.1.2  BASE  FITTING 

The  base  fitting  used  by  WRI  has  long  been  a  standard  throughout  the  industry. 

It  consists  of  a  collar  and  two  opposing  wedges  which  grip  the  balloon  material 
and  load  tapes.  The  material  and  tapes  which  extend  through  the  fitting  can  be 
fused  into  a  hard  ring  or  folded  back  over  the  collar  and  banded.  Either  technique 
increases  the  resistance  of  the  material  to  being  pulled  out  of  the  fitting. 

It  is  anticipated  that  this  basic  design  can  be  extended,  without  considerable 
difficulty,  to  be  used  for  heavy  loads.  Component  parts  must  be  increased  in 
strength  and  size.  One  fitting  has  been  designed  and  tested  for  heavy  load  appli¬ 
cations.  It  was  subjected  to  a  tensile  load  of  40,  000  pounds  without  component 
failure  or  material  slippage.  Two  other  lighter  duty  units  were  tested  to  failure, 
which  occurred  at  50,  000  lbs  and  39,  000  lbs. 

22.3.2  Reefing  Sleeve 

The  function  of  a  reefing  sleeve  is  to: 

(1)  Provide  increased  protection  for  the  balloon  from  damage  due  to  handling, 
ground  abrasions,  etc. 

(2)  Contain  the  material  below  the  bottom  of  the  lifting-gas  level  in  the  balloon, 
reducing  the  problem  of  control  and  possible  damage  by  wind  sailing  during  launch. 

(3)  Open  gradually  during  ascent,  maintaining  the  zero  pressure  gas  level  at 
or  slightly  above,  the  top  of  the  sleeve. 

The  present  reefing  sleeve  design  used  on  WRI  balloons  has  been  employed 
for  both  large  and  small  balloons.  It  consists  of  a  fairly  heavy  poly  sleeve  sealed 
to  a  poly  flange  which  has  been  incorporated  into  the  last  gore  seal.  This  sleeve 
is  wrapped  around  the  balloon,  and  a  light  weight  poly  tear  panel  is  then  sealed 
between  the  sleeve  and  the  flange.  A  slit  is  initiated  in  the  tear  panel.  During 
ascent  there  is  a  radial  force  on  the  top  of  the  sleeve  caused  by  the  tensile  forces 
in  the  load  tape  which  is  sufficient  to  continue  propagation  of  the  initial  tear.  The 
design  requires  low  tear  forces  so  that  will  be  no  chance  of  balloon  failure  because 
the  sleeve  failed  to  open.  The  opened  sleeve  remains  attached  to  the  gore  seam 
and  flies  with  the  balloon.  This  attachment  prevents  sliding  down  and  generating 
folds  or  rolls  that  would  be  increasing  the  required  opening  force. 

The  present  configuration  has  been  successfully  flown  on  many  flights,  in¬ 
cluding  almost  all  the  heavy  load  flights  reported  in  this  pa*per.  With  one  exception 
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it  fulfills  the  design  goals  for  heavy  payloads.  This  exception  involves  the  fact 
that  due  to  the  low-strength  tear  panel,  tensile  loads  open  the  sleeve  such  that 
the  included  balloon  angle  at  the  top  of  the  sleeve  is  10-20°.  This  unfortunately 
allows  considerable  undeployed  balloon  material  to  be  subjected  to  the  wind.  If 
the  winds  are  high  enough  to  overcome  the  tensile  forces  in  the  load  tape,  a 
"sail"  of  balloon  material  will  develop  which  will  further  open  the  sleeve  and 
cause  the  already  undesirable  situation  to  deteriorate.  The  solution  to  this  prob¬ 
lem  is  a  range  of  materials  of  different  tear  strengths  to  cover  the  tensile  range 
in  steps. 

The  natural  shape  for  an  inflated  bubble  during  ascent  of  a  heavy  load  flight 
will  approach  the  limit  for  a  "shape  sigma"  of  zero.  This  yields  an  angle  at  the 
base  of  the  balloon  of  about  100°.  A  greater  angle  would  indicate  bubble  super¬ 
pressure,  and  a  lesser  angle  would  allow  more  undeployed  material  above  the 
intact  sleeve.  Efforts  are  currently  being  made  to  produce  a  reefing  sleeve  which 
will  provide  the  desired  bubble  shape.  A  test  arrangement  has  been  set  up  which 
simulates  a  short  section  of  balloon.  Various  sleeve  configurations  and  materials 
are  being  evaluated  in  an  effort  to  find  a  more  suitable  system  for  heavy  loads. 

Test  flights  with  up-cameras  are  planned  for  final  evaluation  of  the  most  promising 
designs. 

22.3.3  Inflation  Tubes 

Standard  inflation-tube  configuration  has  been  a  twenty-inch,  iayflat  tube  that 
passed  through  the  balloon  wall  about  15  to  35  feet  from  the  theoretical  apex.  The 
end  was  sealed  three  feet  inside  the  balloon  wall,  and  the  short  section  was  ven¬ 
tilated  with  one  inch  holes  to  diffuse  the  balloon  lifting  gas  during  inflation.  The 
juncture  between  the  tube  and  the  balloon  wall  was  reinforced  to  provide  adequate 
strength  for  any  reasonable  loading  encountered  during  inflation.  This  system  is 
very  satisfactory  for  loads  launched  dynamically. 

During  February  1970,  the  vertical  launch  of  a  31, 200,  000  cubic  foot  balloon 
was  attempted  from  Casa  Grande,  Arizona.  This  balloon  was  equipped  with  four, 
800-foot  long  standard  inflation  tubes  as  well  as  one  Internal  inflation  tube.  The 
internal  tube  consisted  of  a  poly  tube  encased  in  a  nylon  sleeve.  The  tube  was 
sealed  to  one  of  the  gore  seams  and  took  the  shape  of  the  balloon  contour  during 
inflation.  At  the  upper  end  the  poly  tube  terminated  below  the  nylon  sleeve, 
allowing  the  sleeve  to  act  as  a  diffuser.  The  bottom  end  of  thi  composite  tube  was 
installed  over  a  muffler  which  was  mounted  on  the  bottom  er.d  fitting.  This  ar¬ 
rangement  provided  a  rapid  and  quiet  means  of  inflation.  Two  subsequent  tests 
using  this  inflation  tube  on  smaller  balloons  also  showed  the  basic  design  to  be 
satisfactory,  except  that  the  nylon  sleeve  was  not  sufficiently  porous  to  allow  gas 
passage  at  as  high  a  rate  as  desired.  This  will  be  corrected  for  upcoming  flights. 


293 


Another  inflation  technique  which  is  used  in  a  tandem  launch  is  to  make  the 
inflation  through  the  transfer  tube.  The  helium  hose  from  the  truck  can  be  con¬ 
nected  through  a  quick-disconnect  coupling  to  a  metal  diffuser  inside  the  transfer 
tube.  After  the  bubble  is  erected,  this  system  performs  very  well. 


22.4  LAUNCH  TECHNIQUE 

In  reviewing  all  of  the  launch  techniques  which  have  been  utilized  in  heavy 
load  flights,  it  may  be  concluded  there  is  no  one  system  which  is  totally  satis¬ 
factory.  Although  each  of  the  methods  has  definite  advantages,  they  all  also  have 
some  inherent  disadvantages.  A  brief  discussion  of  each  technique  will  be 
presented  to  point  out  the  desirable  features  as  well  as  the  associated  problem 
areas  relative  to  heavy-load  applications. 

22.4.1  Dynamic 

This  technique  consists  of  holding  the  bubble  in  a  release  mechanism,  nor¬ 
mally  a  roller,  until  full  inflation  has  been  injected  into  the  balloon  through  ex¬ 
ternal  inflation  tubes  near  the  balloon  apex.  The  balloon  base  is  connected  to  the 
payload  through  a  parachute.  The  payload  is  mounted  on  a  vehicle.  At  time  of 
launch  the  bubble  is  released  and  moves  to  a  position  over  the  payload  vehicle, 
and  the  vehicle  is  driven  down-wind  at  a  velocity  approximately  equivalent  to  the 
wind  velocity.  When  these  conditions  have  been  met,  the  payload  is  released. 

The  system  has  the  advantage  of  tolerating  a  fair  amount  of  wind,  as  well  as  wind 
direction  shifts,  during  the  inflation  phase  of  the  launch.  It  is  somewhat  limited 
in  its  ultimate  capability  due  to  the  strength  requirements,  the  ability  to  release 
the  bubble,  and  a  suitable  ground  anchor  for  the  bubble  release  equipment.  More 
serious,  however,  is  the  problem  of  obtaining  a  large  vehicle  which  can  tolerate 
a  substantial  side-load  without  danger  of  overturning.  In  addition,  a  large,  flat, 
hard-surfaced  area  is  required  for  conduct  of  this  operation.  Finally,  it  should 
be  pointed  out  that  the  dynamic  forces  involved  in  this  type  of  launch  are  often 
unacceptable  for  the  scientific  payload. 

22.4.2  Ts«Um 

A  tandem  system  incorporates  two  balloons  —  the  launch  or  inflation  balloon 
and  the  main  balloon  —  both  connected  by  a  transfer  collar.  The  transfer  collar 
is  held  on  the  ground  during  inflation  of  the  launch  balloon  by  a  winch.  The  base 
of  the  balloon  is  connected  to  a  parachute  which,  in  turn,  is  connected  to  the  pay- 
load.  The  payload  is  held  on  the  boom  of  a  heavy  crane.  It  can  be  manually 
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released.  After  completion  of  inflation  the  system  is  raised  over  the  crane  by 
winching  the  launch  balloon,  transfer  collar  and  main  balloon  to  an  upright  posi¬ 
tion.  The  winch  cable  is  then  cut  away,  the  system  moves  forward,  and  the  pay- 
load  is  released.  As  with  the  dynamic  launch,  this  system  has  the  disadvantage 
of  requiring  some  sophisticated  heavy  equipment.  In  this  instance,  a  winch  of 
suitable  strength,  drum  capacity  and  payout  speed  is  difficult  to  locate.  The 
crane  is  not  too  serious  a  problem,  as  most  industrialized  areas  have  such  equip¬ 
ment  available.  The  primary  advantages  of  this  system  over  a  dynamic  launch 
are  the  lack  of  dynamic  forces  on  the  scientific  instrumentation  and  payload¬ 
holding  vehicle,  and  a  somewhat  relaxed  requirement  on  the  launch  equipment. 
This  system  can  tolerate  fairly  high  launch  winds,  but  changes  in  wind  direction 
can  cause  problems.  The  crane  can  rotate  about  its  axis,  however,  which  helps 
to  alleviate  (but  not  eliminate)  this  problem.  A  further  disadvantage  of  this  sys¬ 
tem  is  the  complexity  of  the  flight  train  compared  to  that  on  a  single-celled  bal¬ 
loon.  Also,  the  launch  balloon  provides  little,  if  any,  free  lift  at  altitude,  and  a 
sizable  portion  of  its  weight  as  well  as  the  weight  of  the  transfer  collar  reduces 
the  available  payload-carrying  capability  of  the  system. 

22.4.3  Vertical 

The  vertical  launch  technique  is  the  simplest  of  the  methods  described.  It 
consists  of  layout  of  balloon,  erection  of  bubble,  and  continued  inflation  until  the 
balloon  stands  vertical  over  a  winch  which  is  connected  to  the  base  of  the  balloon. 
Upon  completion  of  inflation,  the  system  (balloon  and  parachute)  is  winched  over 
a  crane  holding  the  payload.  The  winch  line  is  removed  and  launch  is  made  by 
releasing  the  payload  and  the  remainder  of  the  system  from  the  crane.  The 
heavy  equipment  required  is  about  the  same  as  that  for  a  tandem  launch,  except 
that  the  winch  can  have  a  fairly  small  spool  capacity  and  slower  payout  speed, 
end  still  be  satisfactory.  If,  during  inflation,  cross  winds  develop  before  the 
balloon  becomes  vertical,  they  will  cause  the  balloon  to  slide  across  the  ground 
cloths  and  risk  possible  damage.  An  190°  wind -direction  change  can  cause  the 
balloon  to  be  pulled  over  the  payload  and  anchor  vehicle,  causing  destruction  of 
the  balloon.  Once  the  balloon  is  vertical,  it  la  capable  of  withstanding  reasonable 
winds  from  various  directions  much  as  the  tandem  launch.  The  vertical  launch 
technique  represents  the  simplest  operation  la  terms  of  the  balloon  system  and 
the  supporting  heavy  equipment.  Its  use  is,  however,  restricted  to  times  and 
locations  where  the  winds  are  eesentially  calm  tor  four-to  six-hour  periods. 

It  is  quite  possible  that  a  solution  more  satisfactory  than  those  mentioned 
above  exists  for  heavy-load  launches.  One  such  method  rsprasants  a  combination 
of  the  dynamic  and  vertical  launch  techniques .  It  consists  of  initial  inflation  of 
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the  bubble  in  a  bubble-release  device.  This  inflation  would  continue  until  the 
lift  reached  a  value  about  110  percent  of  the  balloon  weight.  The  bubble  could 
then  be  released  from  the  roller  and  allowed  to  erect  itself  over  a  winch  which  is 
fastened  to  the  bottom  end.  The  remainder  of  the  inflation  would  progress  as 
same  as  the  vertical  inflation  had  from  this  point.  This  system  would  take  ad¬ 
vantage  of  the  desirable  characteristics  of  the  vertical  inflation,  but  eliminate 
the  high  risk  phase  of  the  operation  during  initial  inflation. 


23.  Thin  Films  for  Mesophero  Flight 


J.R.  Ntlcsn 
Winico  Rtseerch  Inc. 
Minneapolis,  Minnesota 


Whether  we  talk  about  heavy  payload  balloons  or  very  high  altitude  balloons, 
we  still  are  primarily  talking  about  larger  and  larger  balloons.  Since  our  last 
report  at  the  Fifth  AFCRL  Scientific  Balloon  Symposium  two  years  ago  this  month. 
Winxen  Research  has  advanced  to  balloons  considerably  larger  than  the  workhorse, 
10. 6-million  cubic  foot  capped,  unit  familiar  to  many.  Balloons  in  sizes  of  15, 
18.5,  18.9,  20.8.  20.38.  20.  1.  28.7.  26.6.  27,  27.3,  31.2,  30.  5.  30.  16,  30.  3. 

33.  9,  and  47. 6  MM  cubic  feet  have  been  manufactured  since  then,  and  most  have 
been  successfully  flown. 

This  report  will  present  data  on  the  current  status  of  high  altitude  perform¬ 
ance,  and  a  discussion  of  recent  and  current  R  &  D  effort  on  reducing  StratoFilm 
thickness,  new  materials  of  balloon-quality  thin  film,  problems  in  working  with 
these  films,  launch  operations  considerations,  and  a  look  at  what  might  be  in 
store  for  the  near  future. 

Looking  to  the  subject  of  this  report,  a  compilation  has  been  made  of  balloons 
flown  above  140,000  feet  •  and  also  some  scale-model  balloons  from  thin  films. 

You  will  note  that  ten  of  these  are  the  familfur  10. 6MM  size  which  carry  an 
average  payload  of  660  lbs  to  an  average  altitude  of  143.000  feet  for  an  average 
duration  of  almost  17  hours.  In  the  30-million  cubic  feet  size,  the  altitudes  ap¬ 
proached  or  attained  the  stratopause,  averaging  i  68, 000  feet  with  average  payloads 
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of  600  lbs  and  durations  of  three  to  over  17  hours.  Also  shown  are  some  scale 
models,  3MM  cubic  foot  balloons  of  0.  35  mil  StratoFilm,  the  47.  6  MM  cubic  foot 
balloon  of  0.  35  mil  (which  stopped  for  a  rest  at  69,000  feet  on  its  way  to  174,000 
feet  and  didn't  get  any  higher)  and  some  0.  3  mil  nylon  balloone  of  100,000  cubic 
feet. 

Turning  to  our  recent  R  &  D  effort,  there  has  been  a  two-fold  attack  on  achiev¬ 
ing  light-weight  large  balloons.  A  program  to  explore  new,  strong,  thin  materials 
by  building  and  flying  balloons  constructed  from  our  materials  and  a  fabrication 
research  program  has  been  funded  by  the  Office  of  Naval  Research  since  1967; 
and  a  program  to  explore  the  ultimate  practical  reduction  of  conventional  Strato- 
Filni  thickness  has  been  funded  by  Air  Force  Cambridge  Research  Laboratories 
since  March  1969. 

Early  in  the  program  for  ONR  the  search  for  new  materials  of  balloon  quality 
narrowed  to  nylon  and  polyurethane.  A  report  on  these  films  was  presented  by 
Leo  Mielke  at  the  Fifth  AFCRL  Symposium.  Since  that  time,  a  new  formulation 
of  nylon  has  been  investigated  and  found  to  have  superior  qualities  of  strength, 
elongation,  extrudability  to  thicknesses  as  low  as  0. 1  to  0.  2  mil  and  -  most  im¬ 
portant  -  excellent  thermoplastic  sealing  qualities  with  current  sealing  procedures 
used  in  our  production.  The  successful  flights  using  this  nylon  are  shown  in 
Table  23. 1.  A  fourth  balloon  of  this  material  is  awaiting  flight  now,  and,  follow¬ 
ing  a  successful  flight,  two  3MM  cubic  foot  balloons  will  be  fabricated  from  this 
nylon  for  flight  evaluation.  These  will  be  forerunners  of  a  larger  balloon  whose 
size  and  existence  are  yet  to  be  established. 

The  program  for  extending  the  use  of  basic  polyethylene  StratoFilm  in  thinner 
gauge  started  with  a  termination  that  the  minimum  thickness  of  StratoFilm  for 
practical  production  was  0.  35  mil.  The  program  was  then  carried  forward  in  four 
steps:-  first,  the  computer  design  for  a  balloon  to  lift  250  pounds  to  170,000  feet; 
and  then  in  progression,  evaluations  of  (1)  the  0.  35  mil  StratoFilm  in  7  foot  diam¬ 
eter,  30  foot  cylinders  stressed  to  values  computed  for  the  full  size  balloon, 

(2)  two  -  three  million  cubic  foot  balloons  in  flight,  and  finally,  the  47.  6  million 
cubic  foot  balloon. 

During  the  in-house  development  work  since  1967,  new  sealing  techniques 
and  machines  have  been  developed  for  the  ultra-thin  materials.  It  becomes  a 
whole  new  ball  game. 

In  July,  1968,  we  contracted  for  computer  time-sharing,  which  has  opened 
new  vistas  of  design  and  evaluation  improvements.  Several  balloon- design  com¬ 
puter  programs  developed  by  Justin  Smalley  of  NCAR  were  modified  for  the  time¬ 
sharing  service.  The  stress  levels  at  each  station  of  the  balloon  shape  are  printed 
outputs,  so,  by  varying  program  input  parameters  of  payload  and  altitude,  the 
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Table  23. 1.  High  Altitude  Flights  Above  140.000  Fe;t,  1968-1969 
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three  million  cubic  feet  balloon  design  duplicated  the  loading  on  the  47.  6  million 
cubic  foot  balloon  within  close  limits.  This  is  a  valuable  tool  in  developmental 
programs  such  as  this  one.  As  indicated  on  the  tabular  flight  results,  the  three- 
million  balloons  flew  successfully.  The  47.  6  million  balloon,  however,  did  not 
reach  ceiling.  According  to  various  observers,  around  30,000  to  40,000  feet 
it  encountered  a  severe  turbulence  which  ripped  the  reefing  sleeve  all  the  way 
down,  with  considerable  gyrations  and  sailing  of  the  long  balloon,  which  at  this 
point  had  approximately  585  feet  of  undeployed  material.  The  balloon  got  through 
the  turbulent  region,  but  slowed  to  a  stop  at  69, 000  feet,  where  the  flight  was 
terminated. 

This  problem  of  undeployed  material  sailing  during  ascent  through  turbulent 
air  was  first  recognized  in  the  1 965  ONR  Churchill  flight  series  where  up-camera 
pictures  of  a  10.  6  million  balloon  showed  this  condition  -  some  will  remember  the 
film  I  presented  on  this  at  the  Fourth  AFCRL  Symposium.  A  reefing  sleeve  was 
designed  at  Winzen  Research  and,  after  testing  on  smaller  balloons,  was  first 
used  on  the  28.  7  million  cubic  feet  balloon,  built  for  Dr.  Beyers,  Atmospheric 
Science  Office,  White  Sands,  New  Mexico,  under  contract  with  AFCRL,  and  suc¬ 
cessfully  flown  in  September  1968.  This  reefing  sleeve  design  has  been  flown 
with  success  on  up  to  a  hundred  large  balloons  until  the  47.  6  million  flight.  The 
combination  of  a  large  area  of  undeployed  material  in  a  big  balloon  and  a  relatively 
light  payload  is  more  than  the  reefing  sleeve  design  could  handle. 

A  current,  in-house  program  is  in  process  to  determine  new  rip  panel  mate¬ 
rials  in  this  design  to  cover  a  wide  range  of  payloads  likely  to  be  encountered. 

The  original  design  used  a  1/2  mil  StratoFilm  rip  panel.  Several  configurations 
of  plastic  rip  panels  have  been  tested,  but  a  light  canvas  material  seems  to  have 
excellent  tear  characteristics.  A  range  of  rip  strengths  will  He  tested  to  cover 
the  requirements. 

Another  concept  awaiting  flight  test  (and  not  new  except  in  detailed  design)  is 
to  keep  the  main  balloon  reefed  up  to  50, 000  feet  or  so  (or  above  the  turbulent 
region),  and  start  transfer  of  gas  from  a  launch  balloon.  When  enough  gas  has 
been  transferred  to  the  main  balloon,  the  top  balloon  is  released  from  the  train, 
ballast  is  dropped,  and  the  main  balloon  proceeds  to  altitude. 

Looking  to  the  future  a  bit,  I  have  extrapolated  designs  to  see  what  we  might 
have  in  3tore  in  the  next  year  or  so  in  large  balloons. 

First  -  with  our  current  production  facility,  which  length  is  800  feet  long  - 
computer  designs  are  presented  based  on  0.  35  mil  StratoFilm,  which  is  pretty 
well  on  our  threshold,  and  on  0.  2  mil  nylon,  which  is  just  around  the  corner. 

With  .  35  mil,  the  balloon  that  can  be  built  would  be  63. 4  MM  cu  ft  in  volume, 
and  would  carry  250  lbs  to  an  altitude  of  172,  000  feet.  Its  diameter  would  be  540 
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feet,  gore  length,  766  feet,  a  cap  115  feet  long  of  .  85  mil  StratoFilm,  and  it  would 
use  100  lb  polyester  load  tane,  weight  2,  287  lbs. 

With  ,  2  mil  nylon,  the  balloon  would  be  62  MM  cu  ft  and  carry  250  lbs  to  an 
altitude  of  181,000  feet.  Its  diameter  would  be  534  feet,  gore  length  764  feet,  a 
cap  104  feet  long  of  0.  2  mil  nylon  StratoFilm  and  60-pound  tensile  load  tape, 
weight  1570  lbs. 

Our  present  plant  has  the  capability  of  being  extended  to  at  least  1,000  feet, 
so  it  is  not  inconceivable  that  we  might  well  be  looking  at  a  .  35  mil  balloon  of  134 
million  cubic  feet  that  would  carry  250  lbs  to  179,600  feet. 

The  unit  would  have  a  diameter  of  694  feet,  a  gore  length  of  983  feet,  and 
would  weigh  3889  pounds.  The  same  building  extension  would  permit  building  a 
nylon  balloon  of  0.  2  mil  that  would  carry  250  lbs  to  an  altitude  of  189,  500  feet  and 
could  push  to  190,000  feet,  I'm  sure.  Its  diameter  would  be  695  feet,  gore  length 
994  feet,  with  a  weight  of  only  2700  pounds. 

Looking  at  the  future  heavy-load  balloons,  it  is  computed  that  20,  000  lbs  can 
be  carried  to  110, 000  feet  with  a  balloon  of  78.  5  MM  cubic  feet  of  polyethylene 
and  a  52.  4  MM  cubic  foot  balloon  of  0.  5  mil  nylon. 

While  perhaps  this  sounds  a  little  far-fetched  to  some  people  at  this  time  - 
so  did  the  30  million  cubic  feet  range  of  volumes,  which  have  successfully  flown 
four  times,  seem  far-fetched  two  years  ago,  and  even  10  million  cubic  feet,  as 
little  as  five  years  ago. 


K.  Stefan 

National  Cantar  for  Atmoipharic  Rataarch 
Boulder,  Colorado 


The  cable-restrained  method  for 
launching  balloons,  illustrated  in  Figure 
24. 1 ,  is  characterized  by  a  cable  from 
the  base  of  the  launch  bubble  to  a  winch. 

By  paying  out  cable  from  the  winch,  the 
balloon  may  be  raised  to  a  vertical  or 
intermediate  position  for  release  or  mani¬ 
pulation  of  the  system.  Several  possible 
advantages  over  other  methods  may  accrue 
for  this  type  of  launch  depending,  of 
course,  upon  the  situation.  By  raising 
the  balloon  before  release,  the  system 
can  be  re-oriented  into  the  wind  line,  if 
necessary,  by  simply  moving  the  winch 
vehicle,  and  can  then  be  released  from 
the  elevated  position.  This  technique 
requires  much  less  maneuvering  room 
than  a  conventional  dynamic  launch. 


Figure  24. 1.  Typical  Cable 
Restrained  Launch 
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The  cable-restrained  launch  maintains  the  launch  bubble  under  positive  control 
at  all  times,  even  up  to  the  moment  of  payload  release  if  desired,  thus  assuring 
a  shock-free  launch  for  payload  and  balloon  and  avoiding  uncertainties  that  may 
exist  in  a  dynamic  launch. 

A  cable -restrained  launch  has  been  possible  in  the  past  only  with  tandem 
balloon  systems,  where  the  transfer  duct  provides  an  attachment  point  for  the  re¬ 
straining  cable.  Mainstay  launches  of  single-cell  balloons  using  a  fitting  at  the 
base  of  the  bubble  for  a  cable  attachment  point  have  long  been  considered,  but  only 
recently  has  any  attempt  been  made  to  actually  develop  the  hardware.  About  two 
years  ago,  NCAR  began  development  of  an  inflatable  collar  for  this  application. 
Raven  Industries,  Inc.,  on  subcontract  to  NCAR,  has  designed  an  inflatable  collar, 
and  their  initial  field  tests  have  been  promising. 


Table  24. 1.  Static  Coefficients  of  Friction 
(Lowest  Values  Reported)* 


Friction  Surfaces: 

Polyethylene  film 
against  following: 

Dry 

Lubricated  with 
polyethylene  powder 

Polyethylene 

■1 

0.12 

Butyl  coated  nylon 

0.17 

Nylon  cloth 

KQ  I 

0.17 

Neoprene  coated  nylon 

m 

0.15 

Neoprene  (soft)  coated  nylon 

SSB 

0.12 

*  Extracted  from  NCAR  TN-44,  Tables  1  and  2 


A  previous  project  described  in  NCAR  TN-44,  1968,  had  developed  frictional 
data  for  polyethylene  under  various  conditions  of  area  loading  by  an  inflatable  sup¬ 
port.  Table  24. 1  presents  some  of  these  data.  This  project  also  demonstrated 
that  film  could  be  clamped  with  an  Inflated  support  at  moderate  pressures  without 
film  damage.  We,  therefore,  had  gained  some  confidence  that  an  inflatable 
restraint  device  would  be  feasible.  Also,  Angevine  and  Fulker  (1970)  had  de¬ 
veloped  a  program  at  NCAR  for  calculating  the  forces  in  a  cable -restrained  bal¬ 
loon  system.  This  program  was  modified  and  used  to  resolve  the  force  at  the 
restraining  collar  into  slip  force  and  lateral  force  components,  and  was  also  used 
to  Include  the  "shucking  force".  This  shucking  force,  which  tends  to  push  the 

collar  down,  results  from  the  balloon  bubble  cone  angle.  These  forces  are  illus-  * 

trated  in  Figure  24. 2,  With  this  information,  G.L.  Morfitt  of  Raven  Industries,  Inc. 
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made  preliminary  designs  and  tests,  and 
we  settled  on  making  a  prototype  restrain¬ 
ing  collar  for  a  balloon  with  3, 000-lb  gross 
lift  to  be  launched  in  a  wind  having  a  pro¬ 
file  which  increases  as  a  function  of  the 
0.35  power  of  height  from  zero  at  the 
ground  to  15  knots  at  500  ft.  We  also  de-  8  ?.ET_/0RCES 

cided  that  as  an  initial  compromise  affect¬ 
ing  the  dimensions  of  the  restraining  collar, 
we  would  specify  operational  restrictions 
of  2, 000  lb  of  slip  force  and  3,  000  lb  of 
lateral  force.  A  safety  factor  of  two  was 
specified  for  slip  force,  and  a  factor  of 
three  was  specified  for  all  other  forces . 

The  resulting  design  is  illustrated  in 
Figure  24.  3.  The  restraining  collar  con¬ 
sists  of  two  double -walled  inflatable  half 
cylinders  hinged  together  at  one  side.  Collar  ^  2  I?orces  at  ^e8tra*nt 

and  equipped  with  a  releasable  fastener 
at  the  other  side.  The  collar  weighs  50  lb, 

is  4  ft  long,  and  has  a  diameter  of  20  inches.  The  inner  surface  of  one  of  the  half 
cylinders  has  an  extension  which  is  the  fastening  point  for  the  restraint  cable.  The 
balloon  material  is  placed  longitudinally  in  the  collar  with  several  layers  of  poly¬ 
ethylene  as  a  buffer  between  the  balloon  material  and  the  collar  inner  surface.  The 

cylinder  halves  are  closed  and  fastened 
and  are  then  inflated  to  25  psi.  The  re¬ 
leasable  fastener  consists  of  a  4-ft  steel 
rod  with  notches  spaced  about  one  inch 
apart  along  its  length.  Steel  cables, 
fastened  to  the  rod,  are  passed  around 
the  collar.  Ball  fittings  on  each  cable 
end  fit  into  the  notches  on  the  steel  rod. 
The  rod  is  positioned  to  hold  the  cable 
ends  in  the  notches.  For  opening,  the 
rod  is  allowed  to  rotate  so  the  cable  ends 
all  pullout  of  their  notches  simultaneously, 
thus  releasing  50, 000  lb  of  hoop  tension 
that  the  inflation  pressure  is  exerting 
Figure  24.  3,  Schematic  of  Restraint  tlong  y,,  collar  edce. 

Collar  Design 


A  FORCE  ACTING 
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The  configuration  for  balloon-system 
restraint  during  the  launch  process  is 
shown  in  Figure  24. 4.  The  balloon  bubble 
is  above  the  collar,  the  uninflated  balloon 
train  proceeds  from  the  base  of  the  collar 
to  the  payload,  end  the  restraining  cable 
proceeds  from  its  fastening  point  at  the 
base  of  the  collar  to  the  winch. 

Limiting  operational  parameters  were 
computed  for  this  design  and  are  presented 
graphically  in  Figure  24.  5.  The  ordinate 
on  this  graph  is  the  angle  of  the  cable 
above  horlsontal  at  the  winch,  and  the 
abscissa  is  a  combination  of  two  variables: 
the  lefthand  portion  is  the  length  of  train 
resting  on  the  ground,  and  the  righthand 
portion  of  the  abscissa  is  the  angle  above 

the  horisontal  of  the  train  at  the  payload 
Figure  24. 4.  Restraint  Collar  Inflated  when  ^  b^OQn  train  leKve,  the 

(The  parameters  for  this  graph  are  illus¬ 
trated  in  Figure  24. 6. )  The  hatching  on  the  graph  in  Figure  24. 5  denotes  forbidden 
areas.  In  the  upper  area  excessive  slip  force  is  the  critical  parameter,  and  in  the 
lower  hatched  area  excessive  lateral  force  is  the  critical  parameter.  In  the  entire 
area  between  these  limits,  forces  are  acceptable  in  15  knots  of  wind  or  less.  The 
other  lines  across  the  graph  are  lines  of  constant  length  of  cable  out,  and  of  constant 


Figure  24. 5.  Operational  Envelope  for 
Restraint  Collar.  2. 94  x  I0°ft*  balloon, 

3, 000  lb  gross  lift.  Wind  profile  for  15  kt 
at  500  ft.  Upper  HatcbSd  Area  - 
Excessive  Slip  Fbree.  Lower  Hatched 
Area  -  Excessive  Lateral  Fbree. 

- Lines  of  constant  distance  from 

payload  to  winch. 

. . .  Lines  of  constant  cable  length 


I 


A.  TRAIN  OFF  GPOUNO 


B  PART  OF  TRAIN 
ON  THE  GROUND 
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Figure  24. 6.  Parameters  for  Operational  Envelope  Graph 
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Figure  24. 7.  Collar  Opening  Sequence . 
Top:  Restraint  collar  is  the  white 

r  in  the  foreground,  in  its  fully 
position.  Bottom:  About  20 
milliseconds  later.  Collar  partially 
open 


Figure  24.  ft.  Collar  Opening  Sequence 
{continued).  Collar  is  reacting  against 
balloon 
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distance  between  the  payload  and  winch.  This  graph  shows  that  for  a  balloon 
bubble  with  3,  000  lb  of  lift  and  close  to  the  ground,  as  shown  by  maximum  length 
of  train  on  the  ground,  the  cable  angle  should  be  between  35  and  55°.  As  the  bubble 
is  let  up  and  the  balloon  train  leaves  the  ground,  these  limits  become  wider.  Note 
that  there  is  an  angle  range  available  which  is  good  at  all  bubble  elevations. 

A  motion  picture  sequence  of  a  bal¬ 
loon  release  is  shown  in  Figures  24.  7. 
through  24.  9.  The  camera  speed  was  64 
frames  per  second.  The  first  frame 
shows  the  inflated  collar  in  position  for 
opening.  This  was  an  early  test,  and  the 
collar  had  not  yet  been  fitted  with  the 
restraint-cable  attachment.  In  the  second 
frame,  the  opening  device  has  actuated 
and  the  collar  has  started  to  open.  The 
collar  continues  to  open,  as  shown  in 
Figures  24.  8  and  24.  9.  and  in  so  doing 
the  collar  imparts  a  forward  momentum 
to  the  balloon  and  a  rearward  reaction  to 
itself  which  results  in  a  clean  separation 
of  collar  and  balloon.  Figures  24. 10 
through  24.  IS  show  a  sequence  of  full- 
scale  launch  operation  employing  the  re¬ 
straint  collar.  Figure  24. 10  shows  the 
balloon  bubble  shortly  after  inflation  with 

Figure  24. 9.  Collar  Opening  Sequence  *»»  collar  in  pUce  and  fastened  by  the 
(continued).  Collar  springs  clear  of  restraint  cable  to  the  winch.  Cross 
b*n°OJ1  inflation  here  is  3.000  lb;  winds  are 

gutting  to  12  knots.  The  restraint  cable 
angle  is  maintained  in  accordance  with  the  operational  envelope  graph  by  merely 
moving  the  winch  vehicle  forward  or  backward  to  obtain  the  desired  angle.  In 
actual  practice  this  angle  adjustment  technique  was  vary  accurate.  In  Figure  24. 11, 
cable  has  baas  paid  out  and  the  balloon  raised  to  an  intermediate  elevation.  If 
desired,  the  balloon  bubble  could  be  released  at  this  point  by  opening  the  collar. 
(High  speed  photographs  of  the  collar  opening  with  maximum  sliding  and  lateral 
forest  applied  have  shown  satisfactory  operation.  Tbs  rapidity  of  opening  ap¬ 
parently  is  adequate  to  prevent  excessive  relative  motion  during  the  opening 
process. )  Figure  14. 12  shows  the  system  at  the  near  vertical  position,  and  Figure 
24. 13  shows  the  system  after  collar  release. 
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Some  discrepancies  have  been  en¬ 
countered  in  the  development  thus  far,  and 
corrective  action  is  in  process.  In  the 
launch  test  pictured,  strong  gusty  winds 
existed,  and  the  balloon  bubble  oscillated 
and  rotated  while  it  was  restrained  by  the 
collar.  Careful  inspection  of  the  material 
enclosed  by  the  collar  disclosed  damage, 
which  appeared  to  be  abrasive  in  nature, 
to  the  polyethylene  film  positioned  at  the 
top  edge  of  the  collar.  The  balloon  had 
been  folded  with  yie  load  tapes  all  at  one 
side  of  the  balloon,  and  the  damage  is 
ascribed  to  abrasion  by  these  load  tapes 
on  the  balloon  barrier  material  where 
the  load  tapes  separate  out  into  the  bot¬ 
tom  cone  angle  of  the  bubble.  Corrective 

action  planned  is  to  fold  the  balloon  material  so  that  the  load  tapes  are  evenly  dis¬ 
tributed  around  the  periphery  of  the  balloon  stem.  Therefore,  if  the  bubble 


Figure  24. 10.  Balloon  Bubble  with 
Restraint  Collar  Ready  for  Launch 
Procedure 


T 
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oscillates,  the  load-bearing  tapes  will  not  rub  against  the  balloon  barrier  poly¬ 
ethylene.  A  further  advantage  of  this  load  tape  distribution  is  that  it  lends  itself 
to  load  tape  deployment  without  the  necessity  of  the  polyethylene  film  rearranging 
itself  as  the  load  tapes  separate.  It  may  be  that  this  type  of  problem  is  not 
peculiar  to  our  inflatable  restraining  collar.  It  also  may  occur  in  the  conventional 
dynamic  launch  spools  when  the  load  tapes  are  all  on  one  side  of  the  balloon  stem. 
We  have  encountered  incidents  during  which  balloon  bubbles  were  buffeted  by  the 
wind  while  being  held  by  the  conventional  launch  arm,  and  the  balloon  subsequently 
failed  at  an  altitude  that  would  indicate  holes  in  the  vicinity  of  the  launch  arm 
retention,  it  may  be  that  the  even  distribution  of  load  tapes  around  the  balloon 
stem  would  also  be  useful  with  a  conventional  dynamic  launch  arm.  Repeated, 
violent,  collar  openings  disclosed  structural  inadequacies  which  appear  to  be 
easily  correctable.  One  interesting  concept  which  will  be  tested  is  the  use  of 
deflation  ports  on  the  inner  surfaces  of  the  half  cylinders.  When  the  collar  opens, 
inflation  air  will  escape  through  these  ports  producing  an  immediate  collar  defla¬ 
tion.  This  should  alleviate  many  post-opening  stresses  and,  if  successful,  quite 
possibly  could  permit  an  even  lighter  collar  construction. 

For  routine  collar  installation,  one  possibly  irksome  detail  would  be  position¬ 
ing  the  SO  cable  ends  in  their  notches  on  the  collar  opening  device.  This  operation 
in  routine  use  will  require  only  5  minutes,  but  extreme  caution  must  be  used  to 
assure  that  all  cable  ends  are  in  their  notches.  We  are  searching  for  a  more  con¬ 
venient  release  scheme. 

The  inflatable  restraint  collar  is  well  along  in  the  development  process,  and 
results  have  been  so  encouraging  to  date  that  we  felt  it  to  be  worthwhile  to  report 
on  it  at  this  time.  It  has  been  shown  that  the  fragile  material  of  a  polyethylene 
balloon  can  be  restrained  and  released  under  laboratory  conditions  without  damage. 
It  is  expected  that  this  capability  can  and  will  be  extended  in  the  near  future  to 
adverse  field  conditions .  Prototype  tests  have  been  conducted  with  a  3,  000-lb 
gross  inflation  system,  and  it  appears  that  inflatable  restraint  collars  can  be 
designed  for  much  greater  gross  weight  systems. 
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Abstract 


A  study  of  the  deformation  and  strength  properties  of  balloons  and  balloon  ma¬ 
terials  was  performed  by  the  authors  for  Air  Force  Cambridge  Research  Labora¬ 
tories  over  the  past  six  years.  Based  on  the  findings  of  that  study,  as  well  as 
upon  the  findings  of  relevant  studies  conducted  before  by  others,  a  revised  test 
program  to  be  used  in  the  qualification  and  acceptance  testing  of  balloon  films  is 
recommended  and  discussed.  This  new  set  of  tests  retains  those  tests  of  the  old 
Specifications  MIL-P-4640A  (USAF)  which  are  felt  to  be  relevant  to  the  determina¬ 
tion  of  the  suitability  of  films  for  balloon  use.  Tests  that  are  not  considered  rele¬ 
vant  to  this  determination  have  been  discarded  and  new  testing  methods  have  been 
added. 

These  recommendations  do  not  necessarily  represent  the  opinion  of  the  U.  S. 
Air  Force.  Their  main  aim  is  to  initiate  a  discussion  among  film  producers,  bal¬ 
loon  manufacturers,  balloon  users,  mechanics  and  materials  scientists,  and  the 
AFCRL  and,  thus,  create  a  rational  basis  for  the  planned  revisions. 


HBQIK  PAGE  HANK 


2S.1  INTRODUCTION 


The  present  balloon  specifications  of  the  U.  S.  Air  Force  MIL  -  P  -  4640A 
(USAF)  are  based  on  studies  conducted  by  General  Mills,  Inc.  for  the  U.  S.  Air 
Force  during  the  early  1950's.  These  specifications  were  written  essentially  for 
a  specific  film,  DFD  5500,  which  at  that  time  was  the  predominant  material  used 
in  the  fabrication  of  balloons. 

The  recent  development  and  use  of  new  balloon  films,  the  large  number  of 
balloon  failures  in  the  early  1960's  (all  of  whose  barrier  materials  has  passed  the 
prescribed  tests),  and  the  ever  increasing  demand  for  larger  balloons,  necessi¬ 
tate  the  complete  revision  of  the  part  of  the  military  balloon  specifications  which 
deals  with  the  strength  of  the  balloon  films  and  seals.  During  the  past  six  years, 
the  authors  studied  the  deformation  and  strength  properties  of  balloons  and  balloon 
materials  for  the  AFCRL.  The  results  are  summarized  in  Kerr  (1969).  Based  on 
these  findings,  as  well  as  upon  the  findings  of  relevant  studies  conducted  before  by 
others,  a  revised  test  program  is  recommended  and  discussed.  It  is  expected  that 
these  recommendations  will  initiate  a  discussion  among  film  producers,  balloon 
manufacturers,  balloon  users,  mechanics  and  materials  scientists,  and  the  AFCRL 
and,  thus,  create  a  rational  basis  for  the  planned  revisions. 


25.2  RECOMMENDED  TESTS 

It  appears  reasonable  to  prescribe  two  sets  of  tests,  to  be  called  th^  'Qualifi¬ 
cation  tests"  and  the  "acceptance  tests.  " 

A  new  film  submitted  by  a  manufacturer  to  USAF  for  consideration  as  possible 
balloon  material  will  have  to  first  pass  the  'Qualification  tests. "  If  the  submitted 
film  samples  satisfy  the  prescribed  requirements  and  the  USAF  places  an  order, 
then  samples  taken  from  the  beginning  and  the  end  of  the  production  run  should  be 
subjected  to  the  "acceptance  tests.  "  For  very  large  orders,  film  samples  should 
also  be  tested  at  specified  intervals  to  insure  quality  throughout  the  entire  produc¬ 
tion  run. 

Because  the  seal  is  essential  for  the  production  of  large  balloons,  and  because 
the  seal  or  its  vicinity  is  usually  weaker  than  the  film,  the  tests  proposed  in  the 
following  are  designed  to  test  the  strength  of  the  seal  as  well  as  the  proposed  film. 
In  this  connection  it  should  be  noted  that  a  strong  film  is  useless  as  a  balloon  ma¬ 
terial  until  a  seal  is  found  whose  strength  matches  the  strength  of  the  film. 

In  order  to  qualify  as  a  balloon  material,  it  is  recommended  that  a  submitted 
film  and  proposed  seal  be  subjected,  at  least,  to  the  following  tests: 

(1 )  Uni-axial  tensile  tests  at  room  temperature 


(2)  Bi- axial  tests 


at  +  110F 


I  at  cold  temperature 

(3)  Mutilation  and  fatigue  test  at  cold  temperature 

(4)  Molecular  weight  determination  tests 

The  qualification  tests  are  to  be  conducted  by  the  AFCRL  or  an  AFCRL  ap¬ 
proved  Laboratory. 


25.3  THE  QUALIFICATION  TESTS 
25.3.1  Uniaxial  Teats  at  Room  Temperature 

Various  studies  indicate  that  the  response  of  a  film  to  loads  is  strongly  influ¬ 
enced  by  its  orientation  induced  during  extrusion.  For  example,  films  which  are 
strongly  oriented  in  the  machine  direction  are  usually  weaker  in  the  transverse 
direction.  General  Mills,  Inc.  conducted  an  extensive  study  during  which  they 
were  able  to  obtain,  from  the  extruder,  detailed  information  regarding  the  manu¬ 
facturing  of  their  tested  films.  They  found  that  "film  extruded  with  nearly  equal 
elongation  in  both  machine  and  transverse  directions  showed  that  the  strength  of 
the  film  was  30  to  75  percent  stronger  and  tougher  than  previous  standard  films" 
(Freeman,  1968). 

The  findings  of  General  Mills,  Inc. ,  as  well  as  results  of  more  recent  studies 
by  the  authors,  seem  to  indicate  that  a  nearly  equal  orientation  in  the  machine  and 
transverse  direction  is  preferable  for  balloon  films. 

In  general,  extruder  companies  are  unwilling  to  supply  any  details  of  the 
manufacturing  process.  To  ensure  that  a  balloon  film  responds  similarly  in  both 
directions  and  possesses  the  required  strength,  the  following  uniaxial  tensile  test 
is  recommended:  Cut  two  film  strips:  one  parallel  to  the  machine  direction,  the 
other  parallel  to  the  transverse  direction.  The  samples  are  then  tested  according 
to  ASTM  Test  Method  D882-67,  Method  A  at  room  temperature.  The  speed  of 
testing  should  be  10  ln/min  on  a  3-inch  by  1-inch  sample.  The  test  result  should 
be  presented  in  a  graph  as  shown  in  Figure  25. 1.  For  easy  identification  of  the 
needed  characteristics,  it  is  suggested  that  the  scale  for  e  (elongation)  be  such 
that  the  slopes  of  the  obtained  curves  for  small  values  of  e  be  about  45°,  as 
indicated  in  Figure  25. 1. 

The  slope  of  the  obtained  curves  should  be  everywhere  positive,  (curve  A). 
For  the  transverse  direction,  the  obtained  values  should  not  deviate  by  more  than 
20  percent  from  the  corresponding  values  in  the  machine  direction. 

The  curves  for  both  strips  should  be  similar  in  character.  If  the  u-e  curve 
in  the  machine  direction  is  of  shape  A  and  the  one  in  the  transverse  direction  is 
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Figure  25. 1.  Method  of  Recording 
Uniaxial  Tensile  T«at  Results 


of  shape  B,  as  shown  in  Figure  25. 1, 
and  if  curve  B  deviates  strongly  from 
curve  A,  then  this  indicates  strong  orien¬ 
tation  in  the  machine  direction  and  the 
submitted  film  may  not  be  suitable  for 
balloon  purposes.  It  should  be  noted  that 
the  labor  and  equipment  involved  in  these 
proposed  tests  are  essentially  the  same 
as  in  the  uni-axial  tensile  test  prescribed 
presently. 

The  above  tests  should  be  repeated 
after  24  hours  at  a  different  level  of  rela¬ 
tive  humidity  in  order  to  determine  if  the 
effect  of  humidity  and  aging  is  excessive. 

25.3.2  BiaxiaT  Te«t* 


hi  these  tests,  the  sample  consists 

of  a  cylinder  produced  by  placing  two  long  film  strips  on  top  of  each  other  and  then 
sealing  them  along  the  edges,  parallel  to  the  machine  direction.  One  of  the  strips 
should  contain  a  crease.  The  method  of  sealing  should  be  identical  with  the  one 
to  be  used  in  the  actual  balloon.  The  sample  is  closed  off  at  both  ends  by  end  fit¬ 
tings.  The  sample  may  be  stressed  by  pressurizing  it  with  a  gas  through  the  up¬ 
per  end  fitting.  This  type  of  loading  in¬ 
duces  the  fixed  stress  ratio 


circumferential  stress  _  2 
axial  stress  T 

Different  stress  ratios  may  be  obtained 
by  additionally  subjecting  the  lower  end 
fitting  to  a  load  F,  as  shown  in  Figure 
25. 2. 

In  order  to  test  the  effect  of  creep 
upon  the  strength  of  the  film  and  the 
seal  at  the  high  temperature  encountered 
at  launch  and  at  very  high  altitudes,  the 
following  tests  to  be  conducted  at 
+U0°F  are  recommended: 

Three  samples  are  to  be  tested. 

The  first  sample  is  subjected  only  to  an 


CW  • 


I 

Figure  25.2.  Method  of  Loading  Test 


i 


■ac*r 


axial  force  F.  At  specified  time  inter¬ 
vals,  the  axial  strain  is  measured  and 
recorded  as  shown  in  Figure  25.  3.  The 
load  F  is  determined  as  follows: 

F  *  (A  a  )  for  tapeless  balloons 

F  *  (0,  8  A  t  )  for  taped  balloons 
aa 

where  A  is  the  initial  area  of  sample 
cross  section  (including  seal  material) 
and  a  is  the  anticipated  axial  stress  TIME  (hours) 

in  the  actual  balloon  to  be  built  from  the 
•—  — «  (presently  ,bou,  .00 
psi).  The  second  sample  is  subjected 
only  to  an  internal  pressure  p.  The 
corresponding  axial  and  circumferential 
strains  are  measured  at  specific  time 

intervals  and  they  are  also  plotted  as  shown  in  Figure  25. 3.  The  pressure  p  is  to 
be  of  such  a  magnitude  that  it  creates  the  stress  in  the  circumferential  direc¬ 
tion  of  the  sample.  In  the  third  test,  the  sample  is  subjected  to  F,  and  p/2  and 
the  axial  and  circumferential  strains  are  plotted  in  Figure  25. 3. 

When  a  film  is  tested  for  a  balloon  with  unusual  flight  requirements  such  as 
a  long  stay  at  very  high  altitudes,  that  is  long  exposure  to  high  temperatures,  then 
the  obtained  graphs  in  Figure  25.  3  should  be  checked  for  this  additional  require¬ 
ment.  Assuming  that  such  a  time  period  does  not  exceed,  let  us  say.  five  hours, 
then  if  none  of  the  plotted  curves  indicates  failure  within  this  time  period  (that  is, 
if  they  behave  as  indicated  by  curves  1  and  2),  then  the  film  and  seal  have  passed 
this  test. 

It  should  be  noted  that  these  experiments  also  test  the  effect  of  creases,  die 
lines,  pinholes,  and  other  imperfections  when  the  film  is  subjected  to  high  temper¬ 
atures  and  loads  of  long  duration.  For  some  additional  background  information  on 
the  above  test,  the  reader  is  referred  to  Alexander  and  Murthy  (1958). 

In  order  to  test  the  effect  of  creep  during  launch,  upon  the  strength  of  the 
film  and  the  seal  (to  be  used)  at  the  low  temperature  of  the  tropopause,  the  follow¬ 
ing  tests  are  recommended:  Several  samples,  as  shown  in  Figure  25. 2  are  to  be 
tested. 

In  the  first  test,  the  sample  is  brought  into  a  cold  chamber,  cooled  for  30 
minutes,  then  pressurised  until  rupture.  The  burst  pressure  p  is  then  recorded 
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BURST  PRESSURE,  p  (pai )  »■  the  uPP«r  dt8hed  lin®  **»  Figure  25. 4, 

'  1  and  the  failure  pattern  ia  noted. 

(  In  the  next  test,  the  sample  is  sub* 

Ro  “ — ~ jected  to  an  axial  force  F  for  two  hours 

*  *  at  a  temperature  of  110°F.  Then  the 

\  loaded  sample  is  placed  in  a  cold  chsm- 

\  ber  and  cooled  for  half  an  hour.  At  the 

\  end  of  this  cooling  period,  the  sample 

\  is  pressurized  until  rupture.  The  burst 

e  pressure  ia  then  recorded  as  shown  in 

i  »  ^  Figure  25. 4  and  the  failure  pattern  is 

®  _ _  y _  noted.  For  each  consecutive  test,  F  is 

PRELOAD  STRESS  (Ml ) 

increased  until  a  sharp  drop  in  the  burst* 
Figure  25. 4.  Method  of  Recording  ing  pressure  occurs,  as  indicated  in 
Burst  Pressure  Figure  25. 4.  The  temperature  of  the 

cold  chamber  should  be  10°F  below  the 
lowest  temperature  anticipated  during  ascent. 

For  background  information  on  this  test,  the  reader  is  referred  to  Kerr  and 
Alexander  (1968). 

The  purpose  of  the  above  biaxial  tests  is  to  determine  if  the  film  can  satisfy 
design  requirements  for  a  specific  balloon  under  consideration.  In  cases  where 
two  films  seem  to  have  equally  acceptable  strength  and  creep  properties  from  the 
point  of  view  of  design  requirements,  ultimate  property  testing  may  be  used  to 
determine  which  film  would  be  operating  with  a  greater  factor  of  safety. 


0  900 1000 

PRELOAD  STRESS  (p«j ) 

Figure  25. 4.  Method  of  Recording 
Burst  Pressure 


25.3.3  UetilatiM  sad  FeilgM  Test  ai  Geld  Tafeperetare 

The  tests  suggested  so  tar  are  static  in  nature.  Since  the  balloon  is  constantly 
deforming  during  launch  and  ascent,  the  following  test,  which  simulates  some  of 
the  situations  during  ascent,  is  recommended!  The  sample,  shown  in  Figure  25. 2, 
is  subjected  to  the  axial  force  F  for  two  hours  at  a  temperature  of  +110°F.  The 
loaded  sample  is  then  placed  in  a  cold  chamber.  After  being  allowed  to  cool,  it 
is  subjected  to  oscillatory  motions  by  rotating  the  lower  end  fitting  with  respect 
to  the  upper  by  48°  in  each  direction.  After  one  hour  the  sample  is  pressurised 
until  It  bursts.  The  burst  pressure  should  not  be  less  then  4/8  of  the  burst  pres* 
sure  (1)  recorded  ia  Figure  28. 4.  The  testing  temperature  should  be  10°F  below 
the  lowest  temperature  anticipated  during  ascent 

For  additional  background  information  in  connection  with  the  above  test,  the 
reader  is  referred  to  Kerr,  1988. 


25.3.4  Molecnlar  Weight  Deteneiutioa  Tests 

These  tests  check  an  important  property  of  the  basic  resin  (not  of  the  extruded 
film).  It  appears  that  molecular  weight  is  related  to  the  cold  brittleness  proper¬ 
ties  of  the  film;  high  molecular  weight  being  associated  with  good  cold  brittleness 
properties. 

The  present  Specifications  MIL- P -4840 A  prescribe  a  molecular  weight  meas¬ 
ure  in  terms  of  a  melt  index,  determined  by  measuring  flow  rates  with  an  extru¬ 
sion  plastometer  in  accordance  with  ASTM  test  method  D1238.  According  to  the 
Final  Report  on  Evaluation  of  Balloon  Materials  (p.  9)  by  General  Mills,  Inc. 
(Freeman.  1952),  melt  index  is  a  measure  of  average  molecular  weight  and  is 
affected  by  chain  branching. 

In  Freeman  (1952),  it  is  also  pointed  out  that  even  when  the  average  molecular 
weight  is  high,  relatively  small  portions  of  low  molecular  weight  polymer  in  a 
polyethylene  resin  will  cause  the  resin  or  film  to  have  a  poor  cold  brittleness 
temperature.  For  this  reason  General  Mills  considered  a  chloroform  extraction 
test,  which  was  felt  to  be  a  better  indicator  of  molecular  weight  distribution.  This 
test  was  discontinued  because  at  that  time  it  was  difficult  to  isolate  the  effect  of 
all  of  the  variables  in  the  testing  procedure. 

Recently,  new  measuring  instruments  have  been  developed  that  can  be  used  to 
determine  molecular  weights.  In  particular,  the  gel  permeation  chromatograph 
yields  a  complete  molecular  weight  density  distribution  plot  of  number  of  molecules 
versus  size. 

25.3.5  A  Net*  Oa  lUsia  Ckarectarisatiaa  Teals 

It  has  been  the  experience  of  the  Air  Force,  and  has  been  verified  by  the 
authors,  that  the  basic  resins  are  sometimes  modified  by  the  resin  producer  with¬ 
out  the  knowledge  of  either  the  balloon  manufacturer  or  the  Air  Force.  Three 
modifications  have  contributed  to  at  least  one  aeries  of  balloon  failures  and  prob¬ 
ably  to  others  not  yet  Investigated. 

It  therefore  seems  prudent  to  consider  the  inclusion  of  a  number  of  resin 
characterisation  tests,  in  addition  to  the  molecular  weight  determination  test, 
within  the  qualification  tests.  The  results  of  these  tests  would  be  later  compared 
with  the  results  obtained  during  acceptance  testing.  This  comparison  should  in¬ 
dicate  if  any  resin  modification  has  taken  place. 

After  a  preliminary  investigation  of  available  testing  procedures,  it  is  recom¬ 
mended  that  it  be  considered  that  resin  characterisation  be  accomplished  through 
the  use  of  (1)  gel  permeation  chromatography  to  establish  molecular  weight  den¬ 
sity  distribution,  (t)  infra-red  absorption  testing  to  establish  molecular  composi¬ 
tion,  and  (3)  differential  therm*1  --v-Vets  to  obtain  melting  point  information. 


25.3.6  A  >o»e  oa  'fce  Prttnlly  l»«d  Cold  BitliltlfM  aad  TMghlMi  Testa 

The  present  cold  brittleness  teBts  essentially  consist  of  s  steel  bell  puncturing 
a  film  sample  at  cold  temperature,  and  an  examination  of  the  failure  pattern  in 
order  to  determine  if  the  failure  is  ductile  or  brittle.  The  inconclusiveness  of 
this  failure-pattern  criterion  is  very  aptly  described  in  Hauser  (1966).  However, 
the  inconcluaiveness  of  the  criterion  was  recognized  long  before  by  the  investiga¬ 
tors  of  General  Mills.  Aeronautical  Research  Laboratories  (Freeman,  1 952). 

They  suggested  that  as  a  criterion  for  passing  this  test,  a  prescribed  minimum 
amount  of  energy  should  be  used  up  during  rupture  at  cold  temperatures.  (This 
is  essentially  a  combination  of  the  cold  brittleness  and  toughness  tests. ) 

At  a  much  later  date,  the  testing  apparatus  to  accomplish  this  was  built  and 
tested  (Parsons,  1967).  It  was  found  that  due  to  surface  effects  and  other  mechani¬ 
cal  difficulties,  this  new  criterion  was  no  more  accurate  than  the  previous  one. 

In  fact,  the  authors  of  the  present  report  have  been  informed  (Dwyer,  private 
communication)  that  many  of  these  same  operating  difficulties  appear  in  the  room 
temperature  falling-ball  tests,  making  toughness  criteria  bases  on  these  teats 
quite  questionable. 

It  is  therefore  recommended,  for  the  present  time,  ..o  eliminate  all  falling- 
ball  type  tests  from  the  revised  specifications. 


2S.4  THE  ACCEPT  VICE  TESTS 

Only  the  tests  in  Sections  2S.  3. 1,  2$.  3. 2,  and  25.  3. 4  are  recommended. 


25.5  TRIAL  PERIOO  OF  REUSED  SPECIFICATIONS 

It  is  recommended  that  the  trial  period  should  be  one  year  and  that  the  revised 
specifications  should  not  be  binding  during  this  time  interval. 
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26.  Observations  on  a  Test  Procedure 
for  Polyethylene  Balloon  Filins 

i.k.  Winker 
Raven  Industries,  Inc. 
Sioux  Falls,  South  Dakota 


26.1  INTRODUCTION 

T'.iis  paper  is  the  result  of  an  invitation  to  present  recommendations  regarding 
balloon  film  specifications  at  a  Panel  Meeting  during  the  Sixth  AFCRL  Balloon 
Symposium.  Rather  than  make  an  adross-the-board  critique  of  existing  tests,  or 
a  comprehensive  listing  of  new  tests,  I  have  elected  to  look  at  one  specific  test 
procedure  in  some  detail.  The  subject  is  the  cold  brittleness  test,  which  "deter¬ 
mines"  the  brittleness  characteristic  of  a  balloon  film  from  the  appearance  of  the 
rupture  when  a  heavy  ball  penetrates  a  membrane  of  the  film.  The  analysis  which 
follows  concerns  the  inclined  plane  version  of  the  cold  brittleness  test,  though  it 
is  largely  applicable  to  the  vertically  falling  balloon  technique  as  well. 

From  the  outset  it  was  assumed  that  this  analysis  was  not  likely  to  be  con¬ 
troversial;  the  test  method  was  already  somewhat  in  disrepute  and  the  study  was 
expected  to  add  validity  to  the  criticisms  already  expressed  regarding  it. 


26.2  TEST  PROCEDURE 

The  study  of  cold  brittleness  testing  was  based  on  data  derived  from  high 
speed  photography.  A  standard,  inclined -plane  cold  brittler  ;  „*>  apparatus  was 
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installed  in  a  cold  box  which  was  outfitted  with  special  viewing  and  lighting  win¬ 
dows.  Five  samples  were  photographed;  one  at  room  temperature  to  verify  the 
setup,  and  four  at  various  cold  temperatures.  The  test  conditions  were  as  follows: 


Test  Number 

Film  Type 

Thickness  (Mils) 

Temperature  (°C) 

1 

X-124 

.75 

Room  Temp. 

2 

X-124 

.75 

-85 

3 

DFD  5500 

1 

-85 

4 

DFD  5500 

1 

1 

C* 

o 

# 

5 

DFD  5500 

1 

-35 

A  high  speed  camera  was  run  at  approximately  3,  000  pps,  with  the  exact  rate 
being  determinable  after  processing  by  observing  the  position  of  light  pulses  on  the 
film  edge.  These  pulses  were  generated  at  precisely  1  millisecond  intervals. 
Thus,  the  interval  between  successive  frames  is  approximately  333  microseconds. 


26.3  TEST  RESULTS 

By  direct  analysis  from  the  film,  it  was  possible  to  determine  that  the  steel 
ball  comes  off  the  end  of  the  inclined  plane  with  a  rotation  rate  of  about  25  rps  and 
a  velocity  of  9. 8  ft/sec  (.  118  inch  per  msec).  Observations  and  calculations  from 
each  of  the  five  tests  are  as  follows: 

(1)  Because  this  test  was  run  at  room  temperature,  elasticity  of  the  material 
was  very  great  and  the  center  section  of  the  film  was  displaced  approximately 

2  1/2  inches  before  rupture  occurred.  Time  between  initial  contact  and  rupture 
was  22  msec,  and  during  this  time  the  ball  rotated  approximately  200  degrees. 
Rupture  actually  oci  d  above  the  ball  because  of  the  extra  stretching  induced 
by  ball  rotation.  It  is  obvious  that  friction  between  the  ball  and  the  film  caused 
some  "rolling"  of  the  center  section  of  the  film  downward.  It  is  probable  that 
there  was  some  skidding  between  the  ball  and  the  film,  but  this  was  not  observable. 

A  direct  measurement  of  film  displacement  with  time  was  not  possible  be¬ 
cause  of  the  direction  of  observation,  so  displacement  was  based  on  the  assumption 
that  ball  speed  remained  constant  through  rupture.  This  would  not  be  strictly 
true,  but  the  evidence  indicates  that  it  is  a  good  approximation. 

(2)  This  test  of  X-124  film  at  -85°C  resulted  in  a  ductile  rupture.  Time  from 
ball  contact  to  initial  rupture  was  7  msec,  with  the  complete  "upture  actually 
occurring  over  several  frames.  Film  displacement  was  .  83  inches  and  ball  rota¬ 
tion  during  contact  was  65°.  The  ball  obviously  skidded  on  the  film  in  this  test, 

as  well  as  in  the  subsequent  tests. 
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(3,  4)  In  these  two  tests  of  DFD  5500,  complete  rupture  occurs  between 
frames,  placing  the  phenomenon  in  the  microsecond  range.  These  were  brittle 
failures.  Time  from  contact  to  rupture  was  3. 5  to  5  m^ec  and  displacement 
approximately  .4  inches. 

(5)  This  test  was  similar  to  tests  3  and  4  in  timing  and  film  displacement; 
however  the  complete  rupture  occurred  over  several  frames  placing  it  in  the 
milliseconds  range.  The  failure  was  ductile. 

It  has  been  established  by  previous 


testing  that  the  apparent  cold  brittle¬ 
ness  point  of  a  film  is  affected  by  the 
rate  of  onset  of  loading  into  the  film 
(strain  rate),  with  the  brittle  point  oc¬ 
curring  at  warmer  temperatures  with 
higher  strain  rates.  A  simplified 
analysis  was  made  to  determine  rela¬ 
tive  strain  rates  for  the  various  tests . 
The  simplification  was  in  the  assump¬ 
tion  of  a  2 -dimensional  rather  than  a 
3-dimensional  situation.  Figure  26. 1 
shows  how  strain  rate  increases  as  the 
ball  deflects  the  film  sample. 

Using  the  assumptions  previously 
listed,  the  calculated  strain  rates  were: 
Test 

1  39. 5  inches /inch/second 


2  19.0  inches /inch/second 

3,4,5  9. 5  inches /inch/second 

26.4  CONCLUSIONS 

It  was  interesting,  but  perhaps 
not  surprising,  that  the  speed  of  rup¬ 


DIAGRAM  AND  GRAPH  BOTH  ASSUME 


ture  is  distinctly  different  between  the 

ductile  and  brittle  cases.  Brittle  Figure  26.1 


failures  occur  well  within  the  minimum 


observable  interval  of  300  microseconds  .  The  ductile  failures  occurred  over  ap¬ 
proximately  1  msec,  and  showed  definite  evidence  of  tearing  as  the  ball  pushed 
its  way  through  the  opening  in  the  film. 


The  observation  on  strain  rate  in  a  cold  brittleness  test  is  important  in  that 
this  factor  confuses  the  comparison  between  different  films.  It  is  generally  ac¬ 
cepted  that  a  film  exhibiting  high  cold  elongation  is  preferable  to  one  with  a  low 
cold  elongation  (all  else  being  equal).  However,  as  the  elongation  characteristics 
improve,  strain  rate  in  this  type  of  test  automatically  tends  to  go  higher  (see 
Figure  26. 1).  But,  as  noted  earlier,  apparent  cold  brittleness  point  gets  warmer 
with  increased  strain  rate.  Thus,  the  test  method  imposes  a  penalty  on  cold 
brittleness  measurement,  and  a  substantially  superior  film  may  show  up  to  be 
only  marginally  better. 

The  real  conclusion  from  the  test  is  that  there  are  far  too  many  variables  in¬ 
volved,  and  it  is  not  possible  to  sort  them  out  satisfactorily  to  determine  meaning¬ 
ful  film  characteristics. 


26.5  RECOMMENDATIONS 

(1)  The  inclined-plane  cold  brittleness  test  has  been  exposed  subjectively, 
and  now  objectively,  as  sorely  deficient  in  defining  useful  film  properties.  It 
should  be  discontinued  as  a  test  requirement. 

(2)  The  vertically  falling  ball  test  is  substantially  the  same  as  the  inclined 
plane  test  with  the  exception  that  the  ball  is  not  rotating.  Most  of  the  short¬ 
comings  still  apply.  This  test  should  be  Discontinued. 

(3)  Some  measurement  of  cold  elongation  properties  should  be  included  in  any 
new  test  specification  which  is  written.  This  could  be  as  simple  as  a  set  of  stress - 
strain  curves  (MD  and  TD),  or  more  elaborate  tests  might  be  devised. 
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27.  Balloon  Film  Specifications 

J.R,  Nelson 
Winzen  Research  Inc. 
Minneopolis,  Minnesota 


Most  people  knowledgeable  in  the  field  of  stratospheric  balloon  production 
realize,  I  believe,  that  the  MIL-P-4640A  "Specification  for  Plastic  Film,  Poly¬ 
ethylene,  for  Balloon  Use"  was  obsolete  in  approximately  1963.  At  this  time  bal¬ 
loon  film  which  conformed  to  this  soecification  was  used  in  all  manufacturers 1 
processing,  and  balloons  were  failing  with  alarming  regularity.  Films  used  prior 
to  this  period  of  high  failure  rate  exceed  the  specification  values  by  considerable 
amounts,  such  as  (approximately): 


Spec! 

Va 

fication 

lue 

Actual  Value 

Tensile  Strength 

MD 

TD 

2600  psi 

2,  000 

1600 

Elongation 

250% 

400% 

500% 

Cold  Temperature 
Ductility 

68°C 

72°C 

This  experience  indicated  that  the  MIL-P-4S40A  specification  is  too  lenient, 
particularly  in  the  tensile,  elongation  and  cold  ductility  requirements.  The  prepara¬ 
tion  of  a  specification  should  start  with  an  examination  of  the  duty  cycle  of  the  ma¬ 
terial,  followed  by  a  determination  of  acceptable  test  procedures  and  tolerances 
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that  will  assure  adequate  performance  during  the  duty  cycle.  Also  of  Importance 
Is  establishing  evaluation  test  procedures  without  excessive  economic  burden  on 
the  production  process  in  meeting  the  quality  requirements. 

Looking  at  the  duty  cycle  of  the  film,  it  is  subjected  to  degr  ees  of  handling 
abrasion,  tension  and  flagging  (fluttering)  over  a  temperature  range  from  as 
much  as  +50°C  to  -85°C.  Film  damage  from  these  traumas  can  be  negated  in  the 
manufacturing  stage,  or  even  up  through  portions  of  the  field  operations,  by  ac¬ 
ceptable  repairs  or  by  deleting  the  damaged  material.  When  the  finished  balloon 
is  released,  however,  it  must  withstand  the  duty  cycle  environment  or  fail  in  its 
mission. 

This  environment  at  launch  can  be  severe  in  areas  of  tensile  stress,  flagging 
and  high  or  low  temperature,  depending  on  launch  location.  If  an  inflated  balloon 
is  held  in  the  hot  sun  for  a  period,  tensile  creep  can  contribute  to  damage.  If  a 
low  temperature  exists,  such  as  in  an  Alaska  launch,  the  balloon  is  subjected  to 
unusual  tensile  and  flagging  stresses  combined  with  cold  temperature. 

During  ascent,  the  balloon  —  particularly  a  large,  thin-film  balloon  —  is  sub¬ 
jected  to  wind  shears  which  can  cause  combinations  of  flagging  and  tensile  stresses. 
These  conditions  usually  occur  in  the  coldest  environment  of  the  flight,  and  have 
many  times  been  below  -80°C. 

As  the  balloon  enters  float,  it  is  subjected  to  biaxial  stress  during  the  free- 
lift  valving  sequence. 

Examination  of  the  film  requirements,  therefore,  seem  to  center  around  its 
tensile  strength,  elongation,  and  flexure  or  flagging  resistance  over  a  range  of 
temperature  from  50°  to  -85°C.  Looking  first  at  tensile  strength  and  elongation 
it  has  been  our  experience  that  balloon -quality  film  can  be  generated  if  the  tensile 
strength  is  held  to  a  minimum  of  3000  psi  in  both  transverse  and  machine  direc¬ 
tion,  and  elongation  at  a  minimum  of  400  percent  in  both  directions  measured  at 
a  temperature  of  24°C  (see  Figure  27. 1). 

Packaging  and  handling  requirements  always  generate  two  folds  in  the  rolled 
material  which,  if  improperly  accomplished,  can  result  in  a  lowered  tensile 
strength  across  the  fold.  It  is  therefore  recommended  that  the  transverse  tensile 
strength  across  the  fold  be  no  less  than  90  percent  of  the  transverse  strength  of 
the  same  sample  not  in  the  fold. 

As  indicated,  the  film  is  subjected  to  biaxial  stresses  as  the  balloon  enters 
float  phase.  A  considerable  amount  of  work  has  been  accomplished  on  a  research 
and  development  program  to  evaluate  performance  under  biaxial  loads.  First 
euorts  were  with  cylinders  pressurized  to  obtain  stress,  and  it  was  found  that  it 
was  difficult  to  obtain  repeatability  even  though  statistical  results  were  of  value. 


Figure  27. 1 


Figure  27.  2 


Another  method  of  biaxially  stressing  a  sample  of  film  was  devised  as  shown  in 
Figure  27.  2.  The  sample  was  cut  in  a  cruciform  shape  and  stretched  over  four 
teflon-coated  rubber  rollers  mounted  on  ball  bearings.  The  film  contained  hems 
into  which  foam-rubber  coated  tubes  were  inserted.  Weights  were  then  suspended 
from  these  tubes  for  loading.  Both  step-loading  and  creep  data  were  determined 
from  time-lead  sequenced  measurement  of  the  dimensions  of  predrawn  squares  to 
determine  strain  magnitude  and  location.  Repeatability  of  data  on  many  film 
samples  tested  was  excellent.  It  is  felt  that  biaxial  stress  is  directly  related  to 
uniaxial  stress  in  machine  and  transverse  direction,  so  if  proper  selection  of 
stress  and  elongation  tolerances  is  made,  it  is  not  necessary  to  complicate  the 
production  picture  by  providing  the  sophisticated,  slow,  biaxial  test  procedures  as 
a  production  specification  requirement. 

As  part  of  WRI  research  and  development  effort  in  1967-68,  a  development 
program  was  conducted  on  a  means  of  determining  cold  brittleness  characteristics 
by  imposing  flagging  stresses  on  small  pennants  of  material  at  -90°C,  similar  to 
conditions  that  might  be  experienced  in  an -ascent  through  the  tropopause.  Results 
were  reported  by  Mr.  Leo  Mielke  of  WRI  at  the  Fifth  AFCRL  Scientific  Balloon 
Symposium  in  June,  1968.  This  method  of  testing  yielded  quantitative  data  on  the 
free  stream  energy  required  to  cause  brittleness  failure,  or,  more  attractively 
stated,  the  amount  of  free  stream  energy  the  material  can  stand  at  cold  tempera¬ 
ture  and  remain  ductile.  At  the  same  time  it  was  found  that  there  was  excellent 
correlation  between  brittleness  temperatures  established  by  these  data  and  the  con' 
ventional  falling-ball  test  for  ductility  at  cold  temperatures  on  several  different 
materials  such  as  polyethylenes,  nylons,  and  polyurethane. 

We  concur  with  Mr.  Ray  Hauser's  comment  (in  his  paper  ot  the  1965  AFCRL 
Scientific  Balloon  Workshop)  that  the  "ski  slide"  ball  drop  offers  no  advantages 
over  the  straight-line  ball  drop,  and  has  several  disadvantages. 
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The  straight  drop  test  lends  itself  to  production  test  methods,  as  is  shown 
by  the  test  equipment  used  by  our  production  facility  at  Sulphur  Springs,  Texas 
(Figure  27.  3).  The  cold  cabinet  has  provision  for  simultaneous  ball-drop  test 
of  eight  samples.  To  minimize  the  turn-around  time,  or  temperature  pull  down¬ 
time  of  the  equipment,  the  balls  are  caught  and  returned  to  the  front  of  the  box 
for  easy  access,  magnetic  holding  devices  are  used,  and  a  pre-cooling  rack 
holding  up  to  20  additional  prepared  samples  is  provided. 

It  is  recommended  that  this  method  of  testing  at  a  temperature  of  -87°C  be 
used  for  determining  cold  brittleness  acceptability  for  film  used  in  stratopheric 
balloons.  This  temperature  is  recommended  since  equatorial  flights  often  reach 
temperatures  this  cold,  and  southern  United  States  temperatures  often  approach 
-80°C,  which  leaves  a  small  factor  of  safety  at  -87°C. 

For  balloon  manufacturing  requirements,  there  must  be  tolerances  required 
on  film  length,  width  and  thickness.  These  dimensions  are  primarily  specified  by 
the  balloon  manufacturer  with  appropriate  tolerance  of  dimensions  on  length  and 
width.  Since  performance  and  weight  are  closely  associated  with  thickness,  it 
is  considered  necessary  to  specify  limits  on  thickness.  The  nominal  gauge  or 
mil  thickness  should  be  specified  on  the  basis  of  a  weight  per  area  measurement 
divided  by  the  yield  of  the  film  material,  since  this  is  by  far  the  most  accurate 
method  of  determining  the  nominal  gaur;e.  The  minimum  thickness,  which  ob¬ 
viously  is  an  important  dimension,  cannot  be  measured  adequately  with  a 
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micrometer  or  beta  type  gauge,  since 
the  first  gives  just  spot  checks  and  the 
second,  too  large  a  sample  of  area 
where  thickness  is  averaged.  It  is  our 
recommendation  that  a  profilometer 
measurement  of  the  entire  layflat  tube 
be  made  at  each  end  of  a  roll,  and  a 
minimum  acceptable  thickness  toler¬ 
ance  be  established  and  specified  for 
each  gauge  film.  To  obtain  an  ade¬ 
quate  check  on  the  thickness,  it  is 
recommended  that  the  Winzen  Research 
Inc.  capacitance -type  electronic  thick¬ 
ness  gauge  or  equal  be  used  (Figure 
27.4).  This  gauge  permits  measure¬ 
ment  of  variations  in  thickness  as  small 
as  5  millionths  of  an  inch.  Accuracy, 
repeatability,  linear  calibration,  and 
strip  chart  readout  are  outstanding 
features  which  permit  rapid,  trouble- 
free  production  gauging  and  in-process 
control. 


Figure  27.  4 


i 
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28.  Test  Specification  for 
Unsupported  Balloon  Films 

R.  Hausor 

Hauser  Research  and  Engineering  Company 
Boulder,  Colorado 

K.  Stefan 

Notional  Center  of  Atmospheric  Research 
Boulder,  Colorado 


The  skin  of  a  balloon,  like  the  components  of  any  other  structure,  is  subject 
to  unique  stresses  of  its  own  environment.  Fortified  with  several  years  of  ex¬ 
perience,  balloon  engineers  have  a  better  understanding  of  balloon  skin  require¬ 
ments  and  of  the  properties  of  polymeric  materials  and  test  methods  which  are 
pertinent  to  ballooning.  Therefore  it  seems  appropriate  to  reconsider  what  the 
specifications  for  testing  should  be  that  we  can  have  greater  assurance  o'  r  eliable 
balloon  material  during  operations. 

In  its  lifetime,  balloon  film  must  withstand  a  variety  of  possibly  adverse  con¬ 
ditions.  First,  the  film  must  survive  the  handling,  folding,  transportation,  and 
storage  processes  before  its  arrival  at  the  launch  pad  as  a  sound  balloon.  During 
inflation  procedures,  the  material  is  further  handled  and  is  sometimes  buffeted  by 
the  wind,  and  it  is  directly  stressed  by  the  lift  forces.  At  this  point,  the  film  will 
normally  be  at  the  warmest  temperature  it  will  experience  during  flight,  and  hence 
it  is  weakest  in  tensile  and  creep  properties.  Retention  of  the  launch  bubble  by  the 
launch  arm  produces  a  weird  set  of  stress  and  abrasive  conditions,  and  the  dynamic 
release  of  the  bubble  causes  further  complicated  stress  conditions. 


m  him 
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During  ascent,  the  balloon  film  cools,  generally  following  the  atmospheric 
temperature  profile  until  high  altitude  is  reached  where  radiation  effects  and  bal¬ 
loon  orientation  are  important,  and  skin  temperature  may  fluctuate  as  much  as 
10-15°C  within  a  few  minutes  (Stefan,  1968).  During  ascent,  balloon  shape  as¬ 
sumes  various  degrees  of  asymmetry  in  which  ter.sile  stresses  vary  widely  from 
ideal  stresses  of  a  symmetrical,  natural  shape.  The  time  history  of  transitions 
from  uniaxial  meridional  load  to  a  uniaxial  circ  umferential  load  or  a  biaxially 
loaded  condition,  may  all  affect  the  ultimate  properties  of  the  film.  There  is  also 
ample  photographic  evidence  of  high-rate  loading  of  the  film.  One  ill-defined  con¬ 
dition  is  the  fluttering  o:'  the  loose  material  in  the  uninflated  portions  of  the  balloon 
caused  by  vertical  wind  flowing  past  the  balloon  due  to  its  ascent  velocity.  Oc¬ 
casionally,  a  balloon  may  encounter  a  horizontal  shear  wind,  which  billows  out  the 
loose  material;  fluctuating  back  and  forth,  the  billows  appear  to  produce  impact 
loadings.  Another  observed  phenomenon  is  a  sudden  shifting  of  the  vertical  folds 
of  excess  material  from  one  position  to  another  around  the  gas  bubble,  causing  a 
horizontL'  movement  of  a  considerable  mass  of  balloon  material  which  appears  to 
start  and  stop  quite  suddenly. 

When  the  balloon  reaches  float,  there  is  a  certain  amount  of  overpressure 
generated  until  sufficient  gas  has  vented  to  give  an  equilibrium  float  condition. 

Once  this  equilibrium  is  reached,  the  balloon  material  has  met  its  iest.  If  the 
balloon  is  still  there,  we  don't  need  specifications  any  more. 

The  balloon  film  must  withstand,  then,  a  set  of  conditions,  some  of  which  can 
be  identified  precisely,  many  more  that  can  be  loosely  quantified  on  the  basis  of 
statistical  experience,  and  a  few  that  still  require  intuitive  and  subjective  judg¬ 
ments.  The  case  is  strong  for  continued  effort  toward  identification  and  measure¬ 
ment  of  balloon  skin  stresses;  meanwhile,  we  must  do  the  best  we  can  with  speci¬ 
fications  . 

We  think  that  formal  balloon-materials  specifications  should  be  limited  to  well 
established  materials  such  as  polyethylene  and  mylar.  As  new  materials  are 
developed  they  should  be  judged  in  context  with  their  performance  capabilities,  and 
separate  specifications  should  be  prepared  for  them.  Specifications  should  define 
the  best-functioning  materials  and  should  effectively  discriminate  between  superior 
and  inferior  balloon  film.  They  should  be  clear  to  understand,  practical  in  appli¬ 
cation,  and  strict  enough  to  effect  controls. 

Since  research  and  testing  of  balloon  materials  has  progressed  to  the  point 
where  specifications  improvements  are  appropriate,  we  can  suggest  a  number  of 
specific  changes  to  MIL-P-4640.  These  changes  are  intended  to  be  consistent  with 
the  philosophy  of  quality  assurance  —  maximum  reliability  with  a  minimum  of 
testing  and  a  minimum  of  confusion. 
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(1)  Conditions  of  test  23  +  1°C  and  -79  +  2°C;  present  temperature  tolerances 
(25  +  5  JC)  ai  t  too  lenient  (ASTM  D882). 

(2)  Thickness.  The  film  thickness  should  be  monitored  in  a  detailed,  con¬ 
tinuous  manner  across  the  total  width,  using  Beta  gauge,  capacitative  or  other 
techniques,  for  the  purpose  of  learning  thickness  variations.  Average  thickness 
should  be  measured  by  weight/area  for  the  four  or  more  grades  of  balloon  film 
(Anderson  et  al,  1956), 

(3)  Strength.  Breaking  factor,  strength  per  unit  width,  should  be  measured 
at  +23°C  and  at  -79°C  by  ASTM  D882-67  Method  A.  Strength  criteria  should  be  in 
units  of  pounds  per  inch  width  for  each  weight  grade  of  balloon  film.  The  present 
tolerances  on  both  thickness  (and  hence  strength)  are  too  lax.  The  test  specimen 
should  be  l"  wide  with  4"  gage  pulled  at  10  or  20  inches/minute  (+23°C)  or  at  0.5 
inch/minvte  (-79°C). 

(4)  Elongation.  The  film  elongation  is  normally  measured  along  with  strength, 
and  tests  have  shown  that  elongation  at  -79°C  is  a  significant  discriminator  for 
quality  polyethylene  balloon  film.  Elongation  in  uniaxial  M  and  T  directions  must 
be  at  least  150%  at  +23°C  and  30%  at  -79°C  (Hauser,  1967). 

(5)  Cold  brittleness.  This  test  can  probably  be  dropped  as  an  acceptance 
requirement  since  cold  elongation  is  a  better  discriminator  (Hauser,  1967).  If 
continued  as  a  qualification  test,  the  vertical  drop  should  be  included  ac  an  alter¬ 
native  to  the  inclined  plane  test.  A  tear  length  of  36  inches  is  appropriate  to  dis¬ 
criminate  between  ductile  and  brittle  film  in  the  vertical  drop;  ten  inches  is  ap¬ 
propriate  on  the  inclined  plane. 

(6)  Toughness.  This  test  may  possibly  be  eliminated  as  an  acceptance  and 
qualification  requirement. 

(7)  Other  tests.  A  yield  strength  (breaking  factor  at  8  percent  elongation)  or 
creep  instability  requirement  is  probably  appropriate  to  include.  The  former  can 
be  considered  with  breaking  factor,  thus  avoiding  additional  tests.  Flex  endurance 
tests  at  low  temperature  might  be  of  some  value  if  followed  by  strength/elongation 
tests.  Biaxial  tests  of  these  films  are  interesting,  but  most  are  too  expensive  for 
quality  control.  Pressurized  cylinders  may  be  appropriate  for  creep  instability 
tests.  Heat-seal  tests  for  gore  assembly  might  be  included,  with  requirements  for 
strength  and  shrinkage. 

(8)  Sampling.  The  present  sampling  plan  provides  little  assurance  of  quality 
(Hauser,  1965  and  1966).  Can  the  industry/ government  afford  statistical  sampling 
or  would  this  additional  cost  exceed  that  of  the  few  flight  failures  that  might  be 
avoided  by  closer  inspection? 
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29.  A  Towing  Technique  for  Determining  the 
Aerodynamic  Forces  on  Tethered  Balloons 

L.T.  Redd 

NASA  Langley  Re  March  Center 
Hampton,  Virginia 


Abstract 


A  simple  tow-testing  technique  has  been  developed  at  Langley  Research  Center 
to  obtain  aerodynamic  derivatives  for  large  balloons.  The  technique  consists  of 
towing  a  balloon  with  an  instrumented  panel  truck  at  various  combinations  of  angles 
of  attack  and  towing  speeds.  The  balloon  itself  is  suspended  from  the  truck  by  two 
parallel  lines  arranged  in  such  a  manner  as  to  keep  the  balloon's  angle  of  attack 
constant  regardless  of  the  truck  velocity.*  This  arrangement  also  makes  it  possible 
to  measure  pitching  moments  along  with  other  stability  data. 

The  testing  technique  has  been  applied  utilizing  a  25-foot  modified  "class  C" 
shape  balloon  which  was  towed  at  angles  of  attack  ranging  from  0°  to  24<>  and 
velocities  from  3  to  15  m/ sec.  The  balloon  was  towed  with  and  without  the  tail 
fins  attached,  in  order  to  obtain  information  needed  to  calculate  certain  aero¬ 
dynamic  force  coefficients.  The  data  obtained  from  this  towing  technique  compared 
favorably  with  existing  wind-tunnel  data  on  a  small  rigid  model. 
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29.1  INTRODUCTION 

A  tethered  balloon  may  be  useful  for  a  number  of  purposes,  such  as  supporting 
antennas  or  providing  an  aerial  platform  for  various  measuring  instruments.  Such 
operations  are  often  impaired,  however,  by  the  occurrence  of  dynamic  instabilities 
of  the  tethered  balloon  system,  especially  during  strong  wind  conditions.  Although 
some  information  relating  to  the  stability  of  tethered  balloons  has  been  published 
(see,  for  example,  Bairstow  and  Jones,  1915;  and  Newmark,  1961),  systematic 
procedures  for  the  analysis  of  balloon  stability  are  apparently  lacking.  In  an 
attempt  to  fill  this  need,  the  Langley  Research  Center  has  initiated  a  generalized 
research  study  aimed  at  the  development  of  improved  techniques  for  predicting  the 
dynamic  characteristics  of  tethered  balloons. 

One  of  the  objectives  of  this  study  is  the  determination  of  aerodynamic  forces 
on  inflated  balloons.  In  the  past,  these  forces  have  been  obtained  from  wind-tunnel 
studies  on  rigid  balloon  models  (Stein  and  Shindo,  1968;  and  Farmer,  1969).  Such 
measurements  do  not,  however,  account  for  deformation  of  the  flexible  balloon 
structure  which  may  be  significant  for  certain  load  conditions. 

The  purpose  of  this  present  paper  is  to  describe  a  tow -test  technique  which  has 
been  developed  in  order  to  measure  aerodynamic  forces  on  full-size  inflated 
balloons.  Some  typical  results  obtained  by  towing  a  25-foot-long  inflated  balloon 
are  presented,  and  comparisons  are  shown  between  these  data  and  existing  wind- 
tunnel  data  obtained  on  a  rigid  wind-tunnel  model. 


29.2  SYMBOLS 

a  distance  from  the  balloon  nose  to  structural  center  of  gravity  (see  Figure 
29.2) 

B  bouyancy  force 

b  distance  from  the  balloon  nose  to  center  of  bouyancy 

Cr>  coefficient  of  drag,  -■  5- 

FI* 

C .  coefficient  of  lift,  -t-ts— 

L  FTs 
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Cu  pitching -moment  coefficient,  »—■■■— 

M  FT* 

c  length  of  the  balloon 

D  drag  force 

d  balloon  maximum  diameter 

h  perpendicular  distance  from  longitudinal  center  of  the  balloon  to  the  load 
band  (see  Figures  29.  1  and  29. 2) 

L  lift  force 

Lt  lift  force  of  one  tail  fin 

M  pitching  moment  about  an  axis  perpendicular  to  the  x-z  plane  (see 
Figure  29.2) 

P  absolute  pressure 

R  gas  constant 

U  c 

Rn  Reynolds  number,  p  — — 

«  p 

S  characteristic  balloon  area  (balloon  volume)2^3 

St  surface  area  of  tail  fin  (one  surface  only) 

T  tow  line  tension 

T°  absolute  temperature 

UQ  relative  free-stream  velocity 

Wfi  structural  weight  of  the  balloon 

x.  z  body-fixed  coordinates  with  origin  at  the  balloon  structural  center  of 
gravity  (see  Figure  29.2) 

xc  p  distance  from  the  balloon  nose  to  the  center  of  pressure  (see  Figure  29.  10) 
a  angle  of  attack  (see  Figure  29. 2) 
y  specific  weight  of  gas 

p  mass  density  of  the  atmosphere 

4  angular  displacement  of  the  balloon  tow  line  in  the  x-z  plane  (see  Figure  29. 2) 

p  absolute  viscosity  of  atmosphere 

Subscripts 

1,2  refers  to  front  and  rear  tow  cables,  respectively  (see  Figures  29. 1  and 29. 2) 
t  refers  to  conditions  inside  the  balloon  gas  bag 
e  refers  to  conditions  outside  the  balloon  gas  bag 


Figure  29. 1.  Teat  Balloon  and  Tow  Truck 


Figure  29. 2.  Schematic  Diagram  of  Tow -truck  Teat  Apparatus 
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29.3  DESCRIPTION  OT  TECHNIQUE 

29.3.1  Tow  Apparatss 

The  purpose  of  the  tow -test  technique  described  herein  is  to  measure  the 
steady  aerodynamic  forces  and  moments  (L,  D,  and  M)  acting  on  the  balloon  at 
various  angles  of  attack  and  relative  wind  velocities.  As  shown  in  Figures  29.  1 
and  29. 2.  the  balloon  is  attached  to  the  truck  by  two  towing  cables  and  a  load  bar. 
The  cables,  balloon,  and  load  bar  form  a  parallelogram  so  that  in  the  absence  of 
side  forces  the  center  line  of  the  balloon  remains  parallel  with  the  load  bar  regard¬ 
less  of  the  angle  of  the  cables  in  the  vertical  plane.  The  load  bar  is  attached  to  the 
truck  through  a  pivot  and  can  be  adjusted  to  a  desired  angle  of  attack  a.  In  still  air, 
constant  speed  operation  of  the  truck  along  a  straight  path  produces  the  relative 
wind  UQ. 

The  panel  truck  provides  space  for  instrumentation  as  well  as  acting  as  a 
towing  vehicle.  The  load  bar  is  equipped  with  load  cells  to  measure  cable  tensions, 
and  potentiometers  to  measure  Die  angles  of  Die  cables  with  respect  to  the  load  bar. 
The  speed  of  the  vehicle  relative  to  the  air  and  the  sideslip  angle  are  measured  by 
an  anemometer  mounted  at  the  forward  end  of  the  truck.  Outputs  from  these  in¬ 
struments  are  recorded  on  strip  charts  during  the  tests.  Motions  of  the  balloon 
are  also  recorded  by  two  cameras  mounted  on  the  truck. 

29.3.2  Aerodynamic  Coefficients 

Forces  on  the  balloon  are  resisted  by  tension  forces  Tj  and  T2  in  the  towing 
cables  acting  through  angle  9  with  respect  to  the  load  bar.  The  aerodynamic 
forces  are  expressed  as  follows: 

Lift  force: 


L  ■  (Tj  +  Tj)  cos  (9  +  «►)  -  (B  -  Wg)  +  2Aw 

where  Aw  is  Die  cable  weight. 

Drag  force: 

D  ■  (Tj  +  T2)  sin  (9  +  «) 

Pitching  moment  about  the  center  of  gravity  of  Die  structure: 
M  •  (Tj  +  Aw  cos  (or  +  9>  J  (bj  cos  9  -  h  sin  9> 


(29. 1) 


(29.2) 


+  (T2  +  Aw  cos  far  ♦  9))  (bj  cos  9  -  h  otn  9) 
•  B(a  -  b)  cos  a  . 


(29. 3) 
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The  tension  in  each  of  the  tow  cables,  at  the  upper  attachment  point,  can  be  ap¬ 
proximated  in  general  terms  as  follows: 

T  +  Awcos  (a  +  <j>).  (2°  4) 

In  Eqs.  (20.  1),  (29.2)  and  (29.3),  the  quantities  •/>,  UQ,  Tj,  and  T2  (see  Figure 
29.  2)  are  measured  during  the  tow  tests.  The  remaining  quantities  which  appear  in 
the  equations  are  determined  either  from  direct  measurements  or  from  supplemen¬ 
tary  tests  as  described  in  the  Appendix.  The  quantities  determined  from  the  supple 
mentary  tests  are  the  locations  of  the  structural  center  of  gravity,  a,  center  of 
bouyancy,  b,  and  the  bouyancy  force,  B. 

The  aerodynamic  lift,  drag,  and  pitching  moment  deduced  from  the  above 
equations  are  expressed  in  the  following  conventional  nondimensional  coefficient 
form : 


c  «  L  p  _  P 

L  f  u  5  s  '  D  f  u  2  s 

2  o  2o 


M 

fUoS‘ 


where  S  is  a  reference  area;  in  this  case  S  *  (volume) 
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29.4  DESCRIPTION  OF  BALLOON  AND  TOW  TESTS 


29.4.1  Balloon 

To  evaluate  the  tow -test  technique,  an  inflatable  balloon,  7.  62  meters  (25  ft) 
in  length,  was  constructed  at  Langley  Research  Center.  The  particular  balloon 
configuration  chosen  had  been  used  in  previous  wind  sensor  studies  conductec  at 
LRC  (Henry  and  Eckstrom,  1970);  hence,  there  was  additional  interest  in  obtaining 
aerodynamic  data  on  this  configuration. 

The  balloon  is  shown  attached  to  the  tow  truck  in  Figure  29.  1,  and  its  construe 
tion  features  and  geometric  properties  are  presented  in  Figures  29.  3  and  29.4. 

The  basic  shape  is  similar  to  the  so-called  class  "C"  balloon  configuration.  How¬ 
ever,  unlike  the  class  "C"  shape,  the  aft  portion  is  nearly  conical  and  the  nose  is 
spherical.  The  esoential  components  consist  of  the  gas  bag  constructed  of  Nylon 
and  Saran,  and  the  tail  fin  assembly.  A  relief  valve  is  provided  to  avoid  over¬ 
inflation,  and  a  load  band  is  attached  to  the  power  portion  of  the  bag  which  permits 
variations  in  tether-line  attachment  points.  The  tail  assembly  consists  of  four  fins 
having  a  balsa  spar  framework  covered  with  aluminized  Mylar  sheeting.  The  four 
fins  are  connected  together  by  rings  at  the  front  and  rear  of  the  fins,  and  by  a 
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number  of  small  cables  that  can  be  adjusted  to  permit  the  fins  to  be  aligned  with 
the  balloon  center  line.  The  tail  assembly  is  connected  to  attachment  patches  on 
the  gas  bag  at  four  points  for  each  fin. 

29.4.3  Tests 

Tow  teats  were  made  during  periods  of  calm  air  at  constant  speeds  over  a 
range  from  3  to  15  meters  per  second  (corresponding  to  Reynolds  numbers  of  from 
about  1. 5  x  10®  to  7.  5  x  10®)  in  the  range  from  0°  to  424°  angle  of  attack.  Some 
tests  were  made  with  die  tail  assembly  removed  from  die  balloon  in  order  to  obtain 
information  concerning  the  tail  forces  needed  in  die  determination  of  certain  aero¬ 
dynamic  stability  derivatives. 

29.3  RESULTS  AND  DISCUSSION 

A  typical  strip  chart  record  of  tow -test  measurements  is  shown  in  Figure  29. 5. 
In  this  example,  the  angle  of  attack  is  10. 3°  and  the  speed  is  about  lOm/sec  (30  ft/ 
sec).  Timing  marks  at  1-second  intervals  are  located  at  die  bottom  of  die  chart. 

As  indicated  in  Figure  29.  5.  the  rear  line  tension.  Tg.  oscillated  appreciably 
The  mean  value  of  Tj  was  obtained  by  fairing  through  the  oscillations. 

Some  of  the  reduced  data  in  the  form  of  lift,  drag,  and  pitching-moment  coeffi¬ 
cient  variations  with  respect  to  angles  of  attack  are  shown  in  Figures  29.  6,  29. 7 
and  29.  8,  respectively.  The  solid  curves  in  the  figures  are  the  averages  of  the 
measured  data  points  shown.  The  scatter  is  attributed  to  such  factors  as  small 
variations  of  ambient  wind,  limited  length  of  the  test  runway,  and  oscillations  in 
the  strip  chart  records.  The  standard  deviations  of  the  data  from  the  average 
curves  shown  in  Figures  29.  6,  29. 7,  and  29.  8  are  0. 0652,  0. 0316,  and  0. 0082, 
respectively,  which  are  typical  of  most  of  the  data  obtained.  Despite  this  scatter, 
these  aerodynamic  coefficients  are  felt  to  be  of  satisfactory  accuracy  for  use  in  a 
stability  analysis. 

The  variation  of  the  lift  coefficient  of  the  tail  with  angle  of  attack  is  shown  in 
Figure  29. 9.  This  was  obtained  from  the  difference  in  variation  of  lift  with  angle 
of  attack  from  teats  with  the  tail  on,  and  from  testB  with  the  tail  removed.  The 
essentially  linear  characteristic  may  indicate  good  flow  conditions  over  the  aft 
portion  of  the  balloon. 

The  nondimens ional  center  of  pressure  of  the  aerodynamic  force,  as  deter¬ 
mined  from  the  tow  tests,  is  shown  in  Figure  29. 10  as  a  function  of  angle  of  attack, 
a.  It  Is  nearly  independent  of  a  for  values  of  a  >  5°. 

In  Figure  29. 11,  for  purposes  of  comparison,  data  from  the  tow  tests  of  the 
Inflated  LRC  balloon  are  presented  together  with  wind-tunnel  data  from  a  small- 


Figure  29. 5.  Strip  Chart  Recording  of 
Tow -teit  Data  (a  ■  10. 30) 
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Figure  29. 7.  Aerodynamic  Drag  Coefft 
cient  (Cj))  versus  Angle  of  Attack  (a) 
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Figure  29. 6.  Aerodynamic  Lift  Coeffi¬ 
cient  (CL)  versus  Angle  of  Attack  (a) 


Figure  29.  8.  Aerodynamic  Pitching- 
moment  Coefficient  (Cm)  versus  Angle 
of  Attack  (o).  (The  pitcning  moment  is 
taken  about  the  balloon's  structural  c.g.) 
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Figure  28. 9.  Variation  of  Tall-life 
Coefficient  (C  with  Changes  in 

Angles  of  Attack  (a) 


a  *i 


Figure  29. 10.  Location  of  Balloon's 
Center  of  Pressure  (x  _  )  versus 
Angle  of  Attack  (a)  c,p’ 


Figure  29. 11.  Comparison  of  LRC  Balloon  with  a  Class 
X*  Rigid  Wind-tunnel  Model 
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scale  rigid  model  (UWAL  model)  of  a  somewhat  similar  class  "C"  balloon,  reported 
elsewhere  (Stein  and  Shin  do,  1968;  and  Farmer,  1969).  The  UWAL  balloon  model 
had  the  following  physical  characteristics:  c  ■  1.  39  m  (4.  65  ft),  c/d  *  3. 46, 

S/St  «  4. 12,  and  was  tested  at  Rjj  '4.4  x  10®;  whereas,  the  LRC  balloon's  physi¬ 
cal  characteristics  were:  c  ■  7. 62  m  (25.  0  ft),  c/d  ■  2.  96,  S/St  =  4. 74,  and  was 
tested  at  Rjj  *  1.  5  x  106  to  7.  5  x  10®.  Hence,  the  above  physical  characteristics 
and  Reynolds  number  test  range  were  roughly  the  same  for  both  balloons.  Notice 
in  Figure  29. 11  that  the  moment  center  for  the  LRC  balloon  has  been  moved  for¬ 
ward  from  the  structural  c.  g.  to  correspond  with  the  moment  center  for  the  UWAL 
balloon  model.  With  regard  to  S/St,  although  the  wind-tunnel  test  balloon  confi¬ 
guration  had  only  three  fins  in  contrast  to  four  on  the  tow  -test  configuration,  the 
areas  of  the  fins  projected  in  the  horizontal  plane  were  related  to  the  reference 
areas  by  about  the  same  ratio.  In  view  of  these  similarities,  the  degree  of  agree¬ 
ment  between  the  two  sets  of  results  seems  reasonable  and  the  differences  are 
felt  primarily  to  reflect  the  detailed  differences  in  configurations.  Some  of  the 
differences  in  the  data,  however,  are  believed  to  be  due  to  slight  deformations  of 
the  LRC  balloon  nose  and  tail  fins,  especially  at  high  velocities  and  angles  of 
attack.  As  a  matter  of  fact,  at  a  truck  velocity  of  15  m/sec  (50  ft/sec)  and  an 
angle  of  attack  of  23°,  the  horizontal  tail  fins  deformed  to  the  extent  that  they 
foiled  structurally. 

FOr  a  full  description  of  the  aerodynamic  forces  acting  on  a  balloon,  it  is 
desirable  to  obtain  information  concerning  changes  in  the  aerodynamic  side  forces 
associated  with  changes  in  balloon  yaw  angles.  This  information  can  be  obtained 
with  the  tow-truck  system  by  simply  rotating  the  balloon  90°  about  its  longitudinal 
center  line.  However,  because  of  balloon  symmetry,  side  force  tests  were  not 
necessary  in  the  present  investigation. 


29.6  CONCLUDING  REMARKS 

The  tow-testing  technique  described  herein  can  be  used  to  measure  many  of 
the  aerodynamic  force  coefficients  required  in  balloon  stability  analyses.  The  data 
presented  indicate  that  the  technique  does  not  have  any  appreciable  advantage  over 
wind-tunnel  tests  utilizing  small  rigid  models,  provided  that  the  desired  Reynolds 
number  can  be  obtained  in  the  wind  tunnel,  and  the  full-sized  balloon  does  not 
deform  due  to  the  aerodynamic  forces.  In  cases  where  the  Reynolds  number  or 
the  deformations  of  an  inflated  balloon  cannot  be  adequately  simulated  in  wind 
tunnels,  the  tow  technique  provides  a  useful  alternate  method  for  determining 
balloon  aerodynamic  data. 
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Appendix 

Supplementary  Tests 


In  order  to  measure  the  locations  of  the  balloon's  structural  center  of  gravity, 
a,  center  of  bouyancy,  b,  bouyancy  force,  B,  and  also  volume,  V0,  two  different 
tests  must  be  performed.  In  the  first  test  the  balloon  is  filled  with  lifting  gas 
(helium)  and  constrained  by  two  lines  as  shown  in  Figure  29A.  1.  In  the  second 
test  the  balloon  is  filled  with  air  and  suspended  with  two  lines  as-  shown  in  Figure 
29A.  2. 

Referring  to  Figure  29A.  1,  the  bouyancy  force  B  in  terms  of  measured  ten* 
sions  F  i  and  Fj  in  the  lines  is 


B  ■  Fj  +  F2  +  Wg.  (29A.  1) 


The  volume  of  the  balloon  Vg  is 


(29A.2) 


» 
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Figure  29A.  1.  Schematic  Test  Setup  to 
Determine  Bouyancy  Force  and  Volume 
of  the  Balloon 


Figure  29A.2.  Schematic  Test  Setup  to 
Determine  the  Structural  Center  of 
Gravity  and  Center  of  Bouyancy  of 
the  Balloon 


where  subscript  e  refers  to  ambient  air  external  to  the  balloon  and  i  refers  to 
the  lifting  gas  inside.  (The  volume  can  also  be  determined  analytically  from  the 
balloon  geometry. ) 

The  equations  for  the  moments  about  the  nose,  as  shown  in  Figures  29A.  1 
and  29A.  2,  respectively,  are  as  follows 


Wfla  -  Bb  ■  -FgC 


and 


(29A.  3) 


FBb  +  Wsa 


F4c 


(29A.4) 


where  Fg,  the  negative  bouyancy  of  the  air  inside  the  balloon,  is  determined  from 
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(29A.5) 


Solutions  of  Eqs.  (29A.  3)  and  (29A.  4)  for  a  and  b  yield 


<bf4  -  fbf2)  - 
a  ‘  — TBTT^T  *  W; 

<F4  +  F„) 

b'  IffTTi)  c  * 


(29A.  6) 
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30.  A  Comparison  of  Several  Very  High 
Altitude  Station  Keeping  Balloon  Concepts 
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30.1  INTRODUCTION 

The  high-altitude,  free  balloon  has  demonstrated  its  capability  as  a  research 
tool  for  many  years.  One  of  its  more  significant  limitations  is  the  fact  that  it  is 
subject  to  the  vagaries  of  the  wind.  Thus,  its  endurance  over  a  specific  geograph¬ 
ical  area  of  interest  is  generally  limited.  If  a  given  position  can  be  maintained, 
the  usefulness  of  a  free  balloon  is  substantially  increased  for  some  applications. 

Two  techniques  used  in  the  past  for  controlling  position  with  a  balloon  are 
tethering  it  to  the  ground,  or  giving  it  a  propulsion  system  (airship).  Both  ap¬ 
proaches  have  been  used  for  many  years  at  low  altitudes  but,  to  date,  have  had  no 
significant  success  at  very  high  altitudes. 

A  number  of  very  high  altitude  station-keeping  balloon  concepts  have  been 
evolved  and  two  have  been  the  subject  of  detailed  study  by  GAC  under  contracts 
with  AFCRL.  A  feasibility  study  has  been  accomplished  on  a  two-balloon  tethered 
system  to  100,000  feet,  as  well  as  studies  of  powered,  natural-shape  balloons  in 
the  60, 000*to  100,000-feet  altitude  range.  Additional  concepts  have  been  considered 
in  a  more  preliminary  manner. 

This  paper  presents  a  conceptual  description  of  balloon  systems  which  offer 
possible  solutions  to  tke  general  problem  of  station-keeping  at  very  high  altitude. 
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and  an  indication  of  how  some  of  the  major  parameters  influence  the  balloon  system 
characteristics.  Wind  is  one  of  the  most  important  factors  to  be  considered  in  the 
design  of  a  balloon  system.  For  the  purposes  of  this  paper  a  typical  altitude  pro¬ 
file  of  winds  has  been  used  as  shown  in  Figure  30. 1 .  Frequency  distribution  indi¬ 
cates  the  period  of  time  for  which  the  winds  will  be  below  a  certain  value  at  a 
specific  altitude. 


30.3  NATURAL  SHAPE,  PROPELLER  DRIVEN  BALLOONS 
30.2.1  Electrically-Powered  Balloon  Concept 

The  high-altitude  powereu -balloon  concept  employs  a  natural  shape,  zero 
pressure  balloon  made  of  Mylar  scrim  material.  The  general  arrangement  of  this 
vehicle  is  shown  in  Figure  30.  2.  The  payload,  propulsion  system,  and  radio  con¬ 
trol  system  are  mounted  on  a  gondola  or  support  structure  below  the  balloon.  This 
load  is  connected  to  the  balloon  through  a  swivel  and  recovery  parachute.  The  pro¬ 
peller,  electric  motor,  and  batteries  are  located  on  the  gondola.  When  used,  solar 
cells  are  mounted  on  the  balloon  structure. 

Launch  and  ascent  are  accomplished  in  the  conventional  manner  for  high  alti¬ 
tude  balloons.  The  gondola  and  propulsion  system  are  free  swiveling,  permitting 
rotation  with  respect  to  the  balloon.  Therefore,  the  propulsion  device  can  be 
oriented  into  the  relative  wind.  Control  surfaces  in  the  propulsion-system  slip 
stream  will  provide  orientation  of  the  gondola.  Balloon  altitude  control  is  effected 
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Figure  30. 1.  Typical  Wind  Profiles 


by  valving  gas  and  by  dropping  ballast.  It  is  visualized  ,nat  this  powered  balloon 
system  with  valving  and  ballasting  capability  can  search  out  and  fly  in  minimum 
wind  fields.  With  this  capability,  a  fixed  station  relative  to  the  earth  can  be  main* 
tained  with  modest  expenditure  of  power.  After  the  mission  is  complete,  the  bal¬ 
loon  is  expended  and  the  entire  gondola  is  recovered  by  parachute. 


30.2.2  Electric  Propulsion  System 

It  is  necessary  in  a  parametric  study  to  establish  the  empty  weight  of  the 
powered  balloon  systems  to  obtain  the  relationship  between  balloon  volume  and 
payload-carrying  capability  for  various  flight  conditions.  The  electric  propulsion 
system  is  a  significant  part  of  this  weight.  It  is  therefore  highly  desirable  to  mini¬ 
mize  propulsion  po«ur  t  equipments  to  reduce  battery  and  solar  cell  weights. 

Low  disk  loading  (DL)  propellers  (that  is.  large  diameter,  slow  rotating  pro¬ 
pellers  similar  to  hovering  helicopter  rotors)  will  minimize  power  required  to 
develop  a  given  thrust.  Thrust  requirements  for  natural-shape  balloons  are  based 
on  experimental  drag  coefficient  data  as  given  in  Figure  30. 3.  The  effects  of  posi¬ 
tive  and  negative  aerodynamic  lift  have  been  neglected  in  this  study. 

Either  an  ac  or  dc  motor  can  be  used  in  the  system.  If  an  ac  motor  is  used, 
an  inverter  is  required  to  change  the  direct  current  supply  to  alternating  current. 

A  motor  starter  is  required  for  either  motor,  and  a  gear  reduction  is  necessary 
in  either  case. 

From  a  review  of  available  motors,  the  ac  motor  appears  very  promising 
from  4  weight  standpoint,  even  when  the  weight  of  the  inverter  and  additional  power 
for  the  inverter  are  included.  In  addition,  special  commutator  brushes  are  re¬ 
quired  for  high  altitude  operation  in  the  dc  motore,  whereas,  no  brushes  are  re¬ 
quired  in  the  ac  motors.  Also,  motor  starters  for  ac  motors  are  generally  lighter 
in  weight 

In  the  aerospace  motor  category,  most  of  the  dc  motors  are  below  the  10  horse¬ 
power  siie.  Only  a  few  are  available  in  the  SO  horsepower  size.  These  motors 
are  mostly  powered  by  30-volt  power  sources,  although  some  operate  from  voltages 
as  high  as  500V. 

Electrical  energy  is  provided  to  the  motor  by  the  battery,  which  has  sufficient 
capacity  to  power  the  system  through  the  longest  operating  period  expected  between 
recharging  operations.  The  battery  is  encased  in  an  insulated  container.  The  bat¬ 
tery  te  heated  to,  and  maintained  at,  the  operating  temperature  prior  to  iaunchiiy. 

Considerable  savings  in  weight  can  be  realised  by  the  use  of  solar  cells  for 
recharging  the  battery  as  compared  with  a  system  wherein  the  battery  supplies  all 
the  energy  without  recharging.  The  weight  difference  becomes  more  pronounced 
as  the  flight  duration  increases. 
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In  the  more  conventional  utilization  of  solar  cells,  the  net  power  per  unit 
weight,  or  the  power  density,  of  an  array  is  relatively  low  because  a  supporting 
structure  must  be  provided  for  the  array. 

In  this  application,  the  supporting  structure  exists,  since  the  solar  cell  array 
can  be  supported  entirely  by  the  balloon  envelope.  The  two  predominant  types  of 
cells  (from  the  standpoint  of  status  of  development  and  availability)  are  silicon 
cells  and  thin  film,  cadmium  sulfide  (CdS)  cells. 

The  solar  cell  array  can  be  mounted  on  the  uppermost  surface  of  the  balloon 
envelope  as  a  stationary  array,  or  be  offset  laterally  for  an  oriented  array.  The 
power  output  of  the  cells  as  a  function  of  angle  of  incidence  of  the  sunlight  ap¬ 
proaches  the  cosine  function.  Thus,  some  power  is  obtained  even  from  large  angles 
of  incidence.  For  convenience,  however,  it  is  estimated  that  on  an  average,  full 
power  is  obtained  from  the  stationary  array  over  an  eight  hour  period,  which  is  120 
degrees  included  angle  of  incidence.  This  is  considered  to  be  a  reasonable  esti¬ 
mate  because  the  curvature  of  the  balloon  would  result  in  exposure  of  a  portion  of 
the  cells  for  a  longer  period  of  time,  and  a  small  amount  of  power  collected  from 
large  angles  of  incidence. 

With  regard  to  the  oriented  array,  the  center  of  the  array  would  be  positioned 
at  an  angle  from  the  top  of  the  balloon  to  align  with  the  sun's  elevation  as  much  as 
possible.  The  array  would  be  aligned  with  the  sun  in  azimuth  by  rotating  the  bal¬ 
loon  with  cold  gas  reaction  jets  as  signalled  by  light  sonaors.  This  type  of  array 
should  provide  the  required  power  over  a  nominal  12  hour  period.  Variations 
would  occur  with  flight  Mention  and  season  of  the  year. 

In  either  array  there  will  be  some  cells  exposed  to  larger  angles  of  incidence 
because  of  balloon  curvature  and  the  area  required  by  the  array;  The  silicon  cells 
produce  about  13  watts/ft2,  whereas  the  CdS  cells  produce  about  4. 6  watts/ft2. 
Because  of  the  loss  of  power  due  to  the  large  angles  of  incidence,  additional  cells 
will  be  required  to  make  up  the  difference.  The  end  result  will  be  to  lower  the 
overall  power  density  value. 

Silicon  diodes  will  probably  be  used  in  series  with  groups  of  cells  to  prevent 
those  cells  not  illuminated  from  loading  the  illuminated  cells.  Occasional  failure 
of  some  cells,  resulting  in  short  circuits,  will  cause  a  decrease  in  overall  solar 
plant  performance.  Also,  the  weight  of  adhesive  and  ary  other  materials  needed 
for  attachment  will  decrease  the  power  density.  It  is  assumed,  therefore,  that 
for  the  purposes  of  the  parametric  study  the  power  density  will  be  about  6C  watts/ lb. 

A  major  disadvantage  of  using  a  solar  cell  array  on  the  surface  of  the  balloon 
envelope  is  the  large  distance  between  the  array  and  the  gondola  over  which  the 
electrical  power  must  be  collected  from  the  solar  cells  and  transmitted  to  the 
battery.  Since  the  else  of  the  conductor  depends  on  the  current,  the  conductor 
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weight  can  be  kept  low  by  using  a  high  voltage,  low  current  system.  The  battery 
and  propulsion  motor  must  be  compatible  with  the  transmitted  power,  unless  a  dc 
to  ac  converter  is  incorporated  in  the  system. 

30.2.3  Parametric  Data  for  Electrically-Powered  Balloons 

Parametric  data  for  the  electrically  powered,  natural  shape  balloon  were 
generated  for  the  following  range  of  parameters: 

Balloon  volume  -  500.000  to  100,000,000  cu  ft 
Altitude  -  60,000,  80, 000  and  1 00, 000  ft 

Airspeed  -  15,  30  and  45  knots 

Flight  duration  -  12,  24  and  96  hours 

Electrical  powvr  sources: 

No.  1  -  Secondary  (rechargeable)  silver  zinc  batteries, 
nominal  power  density  of  40  watt-hr/lb 
No.  2  -  Primary  (limited  rcchargeability)  silver  zinc 

batteries,  nominal  power  density  of  80  ^watt-hr/lb 
No.  3  -  Solar  cells  and  primary  silver  zinc  batteries 
Power  cycle  -  half  time  during  day  and  half  time  during  night 
Propeller  disk  loading  •  0.  50,  9.  25  and  0. 10  psf 

The  primary  output  data  of  the  parametric  study  were  payload  capability  as  a 
function  of  balloon  volume  for  the  various  parameters  listed  above.  Data  such  as 
power  required,  propeller  diameter,  Slid  electrical  propulsion  system  component 
weights  were  also  obtained. 

The  relationships  between  horsepower  required  and  balloon  size  for  a  propeller 
disk  loadings  of  0. 25  psf  is  shown  in  Figure  30. 4  along  with  the  corresponding  pro¬ 
peller  diameter  required  as  a  function  of  balloon  volume  for  a  15  knot  airspeed. 
Power  requirements  for  an  airspeed  of  30  knots  are  shown  in  Figure  30. 5.  Sub¬ 
stantial  increases  in  power  required  are  apparent.  For  comparison,  the  signifi¬ 
cantly  lower  power  requirements  for  a  streamlined  balloon  at  this  speed  are  also 
shown.  As  a  reference,  lines  indicating  this  relationship  for  500  pound  payloads 
for  various  design  conditions  are  superimposed  on  these  curves. 

Since  payloads  of  around  500  pounds  were  considered  of  most  interest,  the 
relationships  between  balloon  volume  and  altitude  for  electrically  powered  balloons 
carrying  this  payload  were  prepared  and  are  Shown  in  Figures  30. 6  and  30.  7.  It 
is  apparent  from  an  examination  of  these  curves  that  the  use  of  power  source  No.  2 
results  in  smaller  balloons  than  power  source  No.  1  for  a  given  mission.  With  the 
use  of  power  source  No.  2,  very  low  disk  loading  propellers  (0. 10  psf)  will  permit 
flying  at  30  knots  over  the  entire  altitude  range  of  60,  000  to  100,000  feet  for  a  24 
hour  flight  duration.  Power  source  No.  3  also  permits  flight  over  the  entire  alti¬ 
tude  range  at  30  knots  for  a  24  hour  flight  duration  and  will  lower  balloon  volume 
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Figure  30. 4.  Horsepower  Required  and  Propeller  Diameter  as  a  Function 
of  Balloon  Volume  -  Airspeed  3  15  Knots,  Disk  Loading  =  0.  25  PSF 
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Figure  30. 5.  Horsepower  Required  as  a  Function  of  Balloon 
Volume  Airspeed  ■  30  Knots,  Disk  Loading  =  0.  25  PSF 
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Figure  30.  7.  Altitude  as  a  Function  of  Balloon  Volume  for  500  Pound  Payload 
Power  Source  No.  3 


for  a  given  mission  as  compared  with  power  source  No.  2.  Power  source  No.  3 
also  permits  flight  over  the  entire  altitude  range  at  15  knots  for  a  96  hour  flight 
durati  .>n. 

Comparative  sizes  of  powered  balloons  employing  the  three  power  sources  for 
flight  at  an  altitude  of  80, 000  feet  and  an  airspeed  of  1 5  knots  are  indicated  in 
Figure  30.  8.  For  simplipity  of  representation,  a  spherical  balloon  whose  volume 
is  that  of  a  natural  shape  balloon  is  depicted.  The  larger  balloon  sizes  for  a  30 
knot  flight  condition  at  80, 000  feet  are  also  shown  in  Figure  30.  8.  It  was  necessary 
to  employ  a  battery- solar  cell  electrical  power  system  to  keep  balloon  size  down. 

An  indication  of  solar  cell  area  relative  to  the  balloon  surface  area  is  given. 

In  summary,  the  parametric  study  of  electrically  powered,  natural  shape 
balloons  has  established  conditions  for  which  missions  can  be  accomplished  with 
natural  shape  balloons  of  sizes  comparable  to  those  that  have  been  flown.  Each 
of  the  three  electrical  power  sources  -  primary  and  secondary  silver  zinc  batter¬ 
ies  and  solar  cells  combined  with  silver  zinc  batteries  -  provides  workable  systems 
for  24  hour  flights  at  a  15  knot  airspeed  over  the  altitude  range  of  60,000  to 
100,000  feet.  Primary  battery-powered  balloon  systems  are  significantly  smaller 
than  secondary  battery-powered  systems  for  a  given  mission,  and  battery-solar 
cell  powered  systems  are  even  smaller  than  primary  battery-powered  balloon 
systems.  The  battery-solar  cell  powered  systems  also  provide  a  flight  capability 
for  96  hours  at  a  15  knot  airspeed.  A  more  limited  number  of  solutions  are  avail¬ 
able  for  the  30  knot  airspeed  condition.  The  45  knot  airspeed  condition  does  not 
appear  to  be  practical  for  the  electrically  powered,  natural  shape  balloons  that 
have  been  investigated. 

30.2.4  Gondola  Design 

The  detailed  design  of  a  gondola  for  an  electrically  powered,  natural  shape 
balloon  (less  command-control  and  telemetry  systom)  exists  for  a  balloon  system 
capable  of  carrying  scientific  payloads  at  altitudes  between  60, 000  and  70, 000  feet 
MSL.  The  vehicle  is  capable  of  a  15  knot  airspeed;  that  is,  ability  to  stay  over  a 
point  on  the  surface  of  the  earth  when  pointed  and  powered  into  a  15  knot  wind.  The 
mission  duration  is  24  hours  with  a  50  percent  duty  cycle  on  the  motor.  The  bal¬ 
loon  to  meet  this  requirement  has  a  volume  of  1. 5  million  cubic  feet.  The  vehicle 
is  powered  by  a  dc  electric  motor,  which  drives  a  37 -foot  diameter,  fixed-pitch 
propeller  through  a  speed  reduction  unit.  The  propeller  requires  8  brake  horse¬ 
power  when  operating  at  70, 000  feet.  Electrical  power  to  the  propulsion  motor 
and  a  cooling  blower  for  the  motor  is  provided  by  silver  zinc  batteries.  A  payload 
of  1300  pounds  can  be  carried  when  primary  silver  zinc  batteries  are  used. 
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30.2.5  Air-Breathing  Engine-Powered  Balloon  Concept 

A  preliminary  design  for  an  air-breathing  engine  powered  natural  balloon  was 
based  on  a  mission  of  maintaining  a  1000-pound  scientific  payload  on  a  station  at 
altitudes  of  60, 000  to  70, 000  feet  against  1 0  knot  winds  for  a  minimum  period  of 
24  hours.  It  was  concluded  that  this  mission  can  be  accomplished  with  a  vehicle 
employing  a  1. 1  million  dubic  foot,  natural  shape  balloon.  Of  available  engines 
studied,  the  AiResearch  T76  turboprop  engine  offered  the  greatest  potential  for 
meeting  the  propulsion  needs  of  the  vehicle.  This  engine,  even  though  carefully 
selected,  has  marginal  high  altitude  characteristics  as  presently  configured.  Com¬ 
bustion  instabilities  and  even  flame  blow-out  may  well  be  encountered  at  the  oper¬ 
ating  altitudes  being  considered.  It  is  expected  that  engine  performance  can  be 
assured  and  improved  control  capability  can  be  obtained  with  the  addition  of  a  dual 
fuel  system  incorporating  gaseous  fuel. 

Balloon  sizes  for  carrying  scientific  payloads  greater  than  1000  poundB  using 
this  propulsion  system  are  shown  in  Figure  30.  9.  The  airspeed  capability  for 
these  various  balloon  sizes  is  also  given. 


30.3  STREAMLINED  PROPELLER  DRIVEN  BALLOON  SYSTEMS 
30.3.1  Self-Powered  Balloon  Syetoa  Coaoept 

A  general  arrangement  of  a  streamlined  powered  balloon  is  shown  in  Figure 
30. 10.  The  streamlined  envelope  is  a  superpressure  balloon  and  is  constructed 
of  film-fabric  laminates.  A  superpressure  balloon  is  used  to  permit  extended 
flight  at  constant  density  altitude.  Sufficient  excess  helium  is  provided  to  develop 
a  superpressure  at  altitude  for  structural  stiffhess  and  to  provide  for  loss  of 
helium  with  time.  Increases  in  superpressure  due  to  supertemperature  are  con¬ 
tained  by  the  strength  of  the  envelope. 

The  propulsion  system  consists  of  a  stem-mounted  propeller  and  electric 
motor  powered  by  solar  cells  and  Bllver  zinc  secondary  batteries.  A  solar  cell 
array  of  sufficient  sise  to  meet  the  power  requirements  of  the  vehicle  is  arranged 
on  the  top  of  the  envelope.  Cadmium  sulfide,  thin  film  solar  cells  are  used. 

Power  for  daytime  operation  for  the  motor  is  generated  by  the  solar  cells.  The 
solar  cells  also  develop  energy  which  is  stored  in  batteries  for  nighttime  operation. 
Appropriate  electrical  wiring  is  provided  to  transfer  power. 

Tail  surfaces  are  mounted  on  the  stern  of  the  envelope  to  provide  stability  and 
control.  These  tail  surfaces  are  visualized  as  packageable  to  facilitate  launching 
and  retrieval  operations.  A  car  structure  for  mounting  the  payload  and  batteries 
is  submerged  in  the  bottom  of  the  envelope,  and  is  supported  from  the  top  of  the 
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Figure  30. 8.  Comparative  Size  of  Balloons  with  Various 
Electric  Power  Sources 
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Figure  30. 9.  Payloads  and  Speed  for  Turboprop  Powered  Balloons 
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envelope  by  means  of  a  suspension  system.  Additional  suspension  toward  the  nose 
of  the  envelope  is  required  for  vertical  ascent  of  the  vehicle. 

A  sequence  for  launching  and  ascent  of  the  vehicle  is  depicted  in  Figure  30. 11. 
Inflation  and  launching  of  the  airship  is  accomplished  in  a  manner  analogous  to  the 
launch  of  a  natural  balloon.  Equipment  and  facilities  presently  used  for  natural 
free  balloons  can  be  used  for  this  vehicle.  The  streamlined  balloon  ascends  to 
float  altitude  in  a  vertical  attitude  and  expands  in  volume  just  as  a  natural  balloon. 
The  relative  size  of  the  helium  bubble  at  sea  level  as  compared  to  the  fully  ex¬ 
panded  envelope  at  80, 000  feet  altitudes  is  depicted  in  Figure  30. 10.  During  verti¬ 
cal  ascent,  the  center  of  buoyancy  is  above  the  center  of  gravity  providing  a  stable 
arrangement.  In  the  flight  attitude,  the  center  of  gravity  is  located  below  the 
center  of  buoyancy  as  shown  in  Figure  30. 10.  This  location  of  the  center  of  gravity 
causes  the  vehicle  to  rotate  from  the  vertical  to  the  horizontal  attitude  as  the  float 
altitude  is  approached.  Once  at  altitude,  operation  of  the  vehicle  is  performed 
with  the  aid  of  command-control  and  telemetry  systems. 

A  flexible -film,  cadmium  sulfide  solar  cell  array  is  located  along  the  top  of 
the  streamlined  balloon  and  extends  around  the  circumference  of  the  balloon  as 
shown  in  Figure  30. 12.  This  figure  also  presents  a  trigonometric  function  f(7Q) 
which  relates  the  amount  of  energy  collected  by  a  solar  cell  array  of  unit  length 
and  radius  R  to  y  ,  a  measure  of  the  arc  length  of  solar  cell  upon  the  circumfer¬ 
ence  of  the  balloon.  This  function  is  based  on  flying  at  the  equator  at  the  time  of 
the  equinox  and  can  be  modified  for  other  conditions.  It  is  apparent  from  Figure 
30. 12  that  for  the  conditions  presented,  the  energies  collected  for  north  -  south 
pointing  balloons  and  for  east  -  west  pointing  balloons  are  nearly  equal  for  arrays 
extending  40  degrees  to  either  side  of  vertical. 

The  energy  per  unit  length  of  solar  cell  array  is  given  by 

E  ■  JF  ['M 

where  E  *  energy  -  watt  hours 

p  =  power  generated  by  solar  cell  per  unit  area  for  normal  incidence  of 
the  sun's  ray  *  4  watts/ ft ^  for  cadmium  sulfide  solar  cell  array. 

It  -  ,  adius  of  the  array  -  feet 

*  =  rotational  speed  of  earth  =  *7 12  radians/hour 
The  expression  can  be  expanded  to  cover  the  entire  solar  cell  array  by  taking  into 
account  the  length  of  the  array. 

The  total  energy  required  for  24  hours  of  operation  is  given  uy  * 

E.  746  PT 
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where  P  =  horsepower  required 

T  =  duration  of  powered  flight  in  hours 
n  =  efficiency  =  0.  70 

For  any  given  power  cycle  the  total  energy  required  can  be  computed. 

Equating  the  energy  required  to  the  energy  generated  gives  an  expression 
which  can  be  used  to  determine  the  solar  cell  array  geometry  for  a  given  balloon 
volume  and  power  requirement. 

Thin-film,  cadmium  sulfide  solar  cells  are  used  for  a  parametric  study  of 
weights.  These  cells  develop  60  watts/lb  and  4.  0  watts/  eq  ft  in  air  mass  1  (on 
earth).  For  an  air  mass  0  these  character-increase  to  70  watts/lb  and  4 . 6  watts/ 
sq  ft.  The  unit  weight  of  the  solar  cells  then  is  0.  066  lb/sq  ft.  To  allow  for 
mounting  the  solar  cells  on  the  balloon  envelope  the  unit  weight  is  increased  to 
0. 103  lbs/sq  ft.  This  value  is  used  for  estimating  the  weight  of  solar  cell  arrays. 

Silver  zinc  secondary  batteries  are  used  since  recharging  is  required  for  ex  ¬ 
tensive  flight  durations.  These  batteries  are  reusable  for  80  to  100  cycles  and 
have  a  nominal  energy-to -weight  ratio  of  40  watt-hrs/lb. 

30.3.2  Self-Powered  Balloon  System  Parametric  Data 

Parametric  data  were  generated  for  this  streamlined  balloon  concept  to  es¬ 
tablish  payload  carrying  capability  as  a  function  of  balloon  volume.  The  flight 
conditions  investigated  were  at  80, 000  feet  for  various  airspeeds  and  power  cycles. 
The  effect  of  superpressure  was  also  determined. 

Initial  data  were  prepared  for  a  cycle  of  the  equivalent  of  6  hours  of  full  power 
during  the  day  and  6  hours  of  full  power  at  night.  This  power  cycle  was  used  in 
the  parametric  studies  presented  earlier  for  natural  shape  balloons.  Two  of  the 
curves  in  Figure  30. 13  show  the  effect  of  superpressure  based  on  this  power  cycle. 
It  can  be  seen  that  superpressure  (as  differentiated  by  5  percent  and  15  percent 
free  lift)  has  a  great  effect  on  balloon  size  for  a  given  payload  capability.  The 
greater  the  free  lift,  the  longer  the  balloon  can  stay  aloft  based  on  helium  loss. 

If  supertemperature  can  be  reduced,  it  will  provide  the  same  effect  as  reducing 
free  lift.  These  curves  are  for  the  30  knot  airspeed  condition.  It  was  found  that, 
even  with  only  5  percent  free  lift,  a  60  knot  condition  could  not  be  achieved  primar¬ 
ily  because  of  the  batteries  required  for  nighttime  operation.  As  a  reference,  a 
36  million  cubic  foot  zero  pressure  natural  balloon  with  ballast  for  four  days  of 
flight  is  shown  in  Figure  30. 13. 

For  a  power  cycle  of  8  hours  during  the  day,  balloon  size  can  be  significantly 
reduced  for  the  30  knot  speed  condition  as  shown  in  Figure  30. 13.  This  power 
cycle  will  also  permit  flying  at  60  knots.  Sufficient  area  for  the  solar  cell  array 
cannot  be  obtained  for  this  power  cycle  for  a  90  knot  airspeed  condition. 
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CONDITION  -  ENERGY  AT  TlrtE 
OF  EQUINOX  AT  THE  EQUATOR 
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Figure  30. 12.  Energy  Function  for  Solar  Cell*  or  Streamlined  Balloons 
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A  summary  of  balloon  sizes  for  a  500  pound  payload-carrying  capability  is 
given  below. 


Configuration 


Volume  -  Ft ^ 


30  kts  -  powered  1/2  time  day  &  night 
Natural  zero  pressure  -  4  days 

Streamlined  superpressure  - 
more  than  1  month 
30  kts  -  powered  8  hrs  during  day 

Streamlined  superpressure  - 
1  month 

60  kts  -  powered  8  hrs  during  day 

Streamlined  superpressure  - 
1  month 


36  x  106 
5  x  106 

2  x  106 

11  x  106 


These  data  indicate  that  streamlined  balloons  of  this  type  provide  increased  speed 
capability  and  flight  duration  as  compared  to  a  zero  pressure  natural  balloon. 

It  should  also  be  noted  that  if  speed  is  halved  and  powered  duration  is  doubled, 
the  same  distance  is  traversed.  However,  power  requirements  are  reduced  and 
smaller  balloons  can  be  realized.  Also,  for  power  cycles  in  which  power  is  pro¬ 
vided  during  the  day  and  the  night,  if  speed  is  reduced  at  night,  power  requirements 
will  be  reduced  and  battery  weight  can  be  saved. 

30.3.3  Ground-Powered  Balloon  System 

Another  possible  electric  propulsion  system  for  powered  balloons  employs 
beaming  of  electrical  energy  from  the  ground.  The  elements  of  this  system  which 
could  replace  the  solar  cell  array  used  for  the  previous  balloon  concept  consist  of 
a  microwave  power  source,  a  ground  antenna  and  a  device  at  the  balloon  to  convert 
rf  to  dc  power  for  propulsive  power.  Papers  in  the  references  discuss  Raytheon 
Company  work  in  the  development  of  beamed  microwave  power.  The  primary  ex¬ 
perimental  demonstrations  described  are  of  two,  separate,  droned  helicopters. 

In  the  first  case,  a  5-pound  helicopter  with  a  6-foot  diameter  rotor  was  flown 
continuously  for  10  hours  at  50  foot  altitude  on  a  delivered  power  at  the  helicopter 
of  270  watts.  The  microwave  power  was  generated  with  a  magnetron  and  delivered 
at  a  frequency  of  2450  MHz. 

A  second  drone  helicopter  demonstrated  the  positional  capabilities  of  a  micro- 
wave  beam.  This  helicopter  was  powered  by  cable  but  used  sensors  to  detect 
pitch,  roll,  yaw,  "X"  and  "Y"  positioning  in  the  vertical  beam.  Altitude  sensing 
is  possible  with  a  divergent  beam. 
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Powering  and  controlling  a  drone  helicopter  at  altitudes  as  high  as  60,000  * 

feet  is  also  discussed.  Apparently  wavelengths  on  the  order  of  10  cm  are  neces¬ 
sary  to  avoid  serious  atmospheric  attenuation  and  scattering.  Refraction  can 
occur  due  to  atmospheric  stratification  so  that  the  beam  might  not  remain  perfectly 
straight,  but  if  the  receiving  vehicle  can  ride  the  beam  this  is  not  believed  to  be  a 
serious  problem. 

Recently,  experience  has  been  obtained  by  Raytheon  with  a  flexible  diode  array 
rectifier  -  antenna  which  is  known  as  a  "Rectenna"  and  provides  a  power-to-weight 
ratio  of  1  KW  per  2  to  5  pounds.  Rectenna  airborne  weights  are  significantly 
lighter  and  require  less  area  than  solar  cells,  since  Rectenna  dc  power  densities 
in  the  order  of  100  W/ft2  are  indicated.  With  the  advent  of  the  flexible  Rectenna, 
it  is  possible  to  integrate  the  energy  collection  device  with  a  balloon. 

It  is  visualized  that  a  streamlined  balloon  such  as  shown  in  Figure  30. 10  can 
be  developed  wherein  the  solar  cell  array  at  the  top  of  the  balloon  is  replaced  by 
a  Rectenna  array  arranged  on  the  bottom  of  the  balloon. 

Using  microwave  power,  the  Rectenna  airborne  weight  would  appear  to  be  on 
the  order  of  10  percent  of  the  weight  of  equivalent  solar  cells.  Battery  weights 
are  reducible  since  beamed  power  is  available  24  hours  per  day.  Maximum  battery 
weight  should  be  that  required  for  the  maximum  expected  search  and  acquisition  of 
the  beam  at  altitude.  Once  the  beam  has  been  acquired,  batteries  can  be  recharged 
for  emergency,  off-beam  maneuvering,  temporary  beam  interruption,  or  flying  up¬ 
wind  before  free  balloon  descent. 

As  before,  airships  are  envisioned  as  superpressure  balloons  designed  to  fly 
at  a  pressure  altitude  of  80, 000  feet.  Two  percentages  of  "free  lift"  are  considered: 

5  percent  and  15  percent.  The  higher  figure  provides  a  higher  tolerance  for  small 
leaks,  but  at  a  cost  of  higher  envelope  design  pressure.  In  addition,  20°C  super¬ 
heat  is  considered  par  >t  the  envelope  pressure  requirement. 

A  parametric  study  is  bast'd  on  the  assumptions  above  and  those  stated  below. 

Climb  technique  -  free  ballooning 

Rate  of  climb  -  1 , 000  fpm  average 

Time  to  80, 000  ft  altitude  -  80  minutes 

Average  wind  -  75  fpB 

Downwind  drift  -  80  (75)  (80  sec)* 

360, 000  ft 

Battery  time  to  fly  upwind  380, 000  ft  against  a  15  knot  wind  at  design  altitude: 

Vehicle  Ground 

Top  Speed  (Knots)  Speed  (Knots)  Time  Back  (Hrs) 


30 

15 

3.95 

F 

45 

30 

1.98 

60 

45 

1.32 

r 
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The  parametric  study  to  establish  payload-balloon  size  relationships  is  summarized 
in  Figure  30. 14.  The  weights  calculations  are  for  propulsion  weights  for  30  knot 
and  60  knot  capabilities,  Rectenna  weights  to  accompany  the  necessary  horsepowers, 
and  battery  capability  to  provide  the  watt-hours  necessary  for  the  360, 000  foot  up¬ 
wind  excursion. 


30.4  TETHERED  BALLOON  SYSTEMS 

Very  high  altitude  tethered-balloon  systems  have  been  the  subject  of  consider¬ 
able  study,  including  the  referenced  papers.  Wind  is  one  of  the  most  important 
factors  to  be  considered  in  their  design.  An  essential  part  of  the  definition  of 
tethered-balloon  systems  is  the  determination  of  performance  parameters  for  bal¬ 
loons  and  tether  cables  under  equilibrium  float  conditions.  Balloon  buoyancy  and 
aerodynamic  effects  on  balloons  and  cables  from  winds  are  primary  factors  in 
system  performance. 

Analytical  techniques  developed  to  investigate  performance  of  balloons  and 
tethers  are  used  here  to  define  minimum  size  balloon  systems  for  the  wind  condi¬ 
tions  presented  in  Figure  30. 1.  Equilibrium  tether  cable  performance  parameters 
are  based  on  the  75  percentile  wind  condition  (that  is,  winds  at  any  specific  altitude 
will  be  less  than  this  value  75  percent  of  the  time).  It  is  expected  that  overall  ef¬ 
fects  of  this  wind  profile  on  the  tether  cables  will  not  be  exceeded  90  percent  of  the 
time. 

A  method  of  superposition  furnishes  balloon-cable  solutions  at  a  glance.  The 
method  superposes  graphs  whose  coordinates  are  net  lift  (L^)  and  net  lift-to-drag 
ratio  (Ljj/Djj)  or  net  drag  (D^).  These  factors  of  lift  and  drag  are  the  only  param¬ 
eters  common  to  both  the  balloon  and  cable  that  allow  a  separate  solution  of  each 
component  and  later  joining  to  determine  compatible  systems. 

Typical  curves  of  L^/D  versus  developed  by  the  balloons  and  required  by 
tapered  glass  fiber  cables  (designed  for  a  factor  of  safety  of  2)  are  superimposed 
in  Figure  30. 1 5.  Data  have  been  computed  for  each  of  three  maximum  altitudes; 
60,000,  80,000  and  100,000  feet  and  represent  tether  requirements  to  support 
tethers  from  these  altitudes  down  to  20, 000  feet.  An  intermediate  balloon  and 
tether  is  required  to  complete  the  system  to  the  ground.  On  Figure  30. 15,  the 
intersection  of  the  balloon  and  tether  curves  for  a  given  altitude  provides  the  re¬ 
quired  balloon  size.  Natural  shape  balloon  volumes  are  noted  in  cubic  feet.  A 
streamlined  balloon  for  the  20, 000  foot  altitude  location  can  be  obtained  in  a  similar 
manner  using  data  such  as  those  given  in  Figure  30. 16  for  a  streamlined  balloon 
based  on  80  percentile  winds.  Drag  and  lift  characteristics  are  plotted  as  a  func¬ 
tion  of  balloon  volume  and  angle  of  attack.  In  selecting  the  lower  balloon  size  and 
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Figure  30. 14.  Payload  for  Microwave  Powered  Streamlined  Balloons 


Figure  30.  IS.  Natural  Balloon  Capabilities  and  Tether 
Requirements 
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tether,  account  must  be  taken  of  the  tension  exerted  by  the  upper  balloon  and 
cable. 

Using  these  techniques,  a  tethered  balloon  system  for  each  of  the  three  alti¬ 
tudes  is  outlined  in  Figure  30. 17.  It  is  desirable  to  keep  the  lower  altitude  balloon 
below  the  regions  of  maximum  wind  velocity  to  minimize  structural  requirements, 
as  has  been  done  for  the  20,000  foot  altitude.  Volumetric  change  requirements  are 
also  minimized  for  lower  altitude  balloon  design.  The  very  high  altitude  balloon 
operating  in  low  density  air  develops  much  less  drag  and  can  therefore  be  a  natural 
shape  balloon. 


30.5  TETHERED  BALLOON  fITH  PROPULSION  SYSTEM 

Using  data  available  from  previously  discussed  parametric  studies,  brief  con¬ 
sideration  was  given  to  incorporating  a  balloon  with  an  electric  propulsion  system 
for  a  15  knot  airspeed  capability  (power  source  No.  3)  in  a  tethered  system.  It 
was  found  that  a  5  million  cubic  foot,  natural  shape,  powered  balloon  is  required 
for  the  80, 000  foot  altitude  condition  as  compared  to  a  2  million  cubic  foot  natural 

balloon  used  in  the  pure  tethered  balloon  system.  The  L  /D  for  the  powered  bal- 

n  n 

loon  was  somewhat  less,  indicating  that  net  drag  is  higher  for  this  system  in  a 
30  knot  wind  even  though  the  propulsion  system  counterbalances  some  of  the  aero¬ 
dynamic  drag.  This  results  because  the  balloon  is  larger.  This  example,  there¬ 
fore,  does  not  indicate  an  advantage  for  this  powered  tethered  balloon. 


30.6  BALLOON  TETHERED  TO  AN  AIRSHIP 

Payloads  can  be  flown  at  an  altitude  of  60, 000  feet  or  more  by  means  of  a 
balloon  tethered  to  a  low  flying  (10, 000  feet  above  MSL)  airship.  The  airship  is 
the  only  feasible  airborne  vehicle  for  such  an  application.  Its  high  speed  is  in  the 
vicinity  of  normal  wind  speeds  for  tethered  balloon  design,  and  it  is  capable  of 
very  low  speed  and  long  endurance.  Minimum  tethered -balloon  system  designs 
for  this  concept  are  outlined  in  Figure  30. 18. 

This  approach  offers  a  flexibility  to  a  tethered  balloon  system  not  heretofore 
exploited.  Mobility  is  provided,  permitting  positioning  regardless  of  terrain. 
Additional  protection  is  provided  the  balloon-payload  combination  aloft  by  the  air¬ 
ship's  ability  to  vary  airspeed  and  direction.  The  airship  can  run  with  the  wind, 
if  necessary,  to  protect  the  upper  payload.  The  balloon  aloft  is  also  spared  the 
weight  of  tether  otherwise  necessary  to  reach  the  ground. 
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Figure  30. 17.  Tethered  Balloon  Syateme  for  Various  Altitudes 
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The  airship-launched,  high-altitude,  tethered  balloon  represents  an  aerial 
version  of  Elliott's  mobile  launch  scheme.  The  airship  has  complete  three- 
dimensional  mobility,  whereas  Elliott's  test  road  permitted  him  to  run  with  the 
wind  as  long  as  the  wind  was  reasonably  along  the  direction  of  the  road.  The  air¬ 
ship  depicted  in  Figure  30. 19  is  a  modified  ZPG-3W  airship  stripped  of  electronics 
and  radar  antennas.  The  topside  island  structure  is  redesigned  or  modified  to  pro¬ 
vide  a  large  skylight  opening  for  deploying  and  retrieving  the  high  altitude  balloon. 
The  balloon  room  below  the  island  (within  the  airship  envelope)  contains  a  handling 
winch,  plumbing  for  helium,  work  space  and  storage  space  for  the  balloon.  The 
balloon  can  be  inflated  from  the  airship  envelope  helium. 

If  the  topside  balloon  is  to  be  "transfused"  with  helium  from  the  ZPG-3W  air¬ 
ship,  inflation  would  have  to  begin  at  about  6000  feet  of  altitude.  If  top  balloon 
helium  is  not  recovered  by  3W,  this  loss  (9  percent  of  3W  volume)  for  the  80,000 
foot  altitude  balloon  has  to  be  allowed  for  in  larger  ballonet  design. 

For  deployment,  the  airship  might  be  weighed  off  at  6, 000  feet  to  neutral 
buoyancy  by  dropping  disposable  ballast,  as  necessary.  Deployment  of  the  high 
altitude  balloon  can  thus  be  accomplished  while  "free  ballooning"  so  that  no  rela¬ 
tive  wind  exists  on  the  two  vehicles. 

The  balloon  is  paid  out  in  a  free  ballooning  mode  until  differential  winds  war¬ 
rant  flying  the  airship  with  the  winds  to  minimize  aerodynamic  loads  on  the  balloon 
aloft.  After  design  altitude  has  been  reached,  the  airship  may  be  flown  at  speeds 
and  directions  indicated  by  the  mission  plan  and  the  existing  wind  profiles. 

The  airship  requires  a  winch  of  adequate  tether  storage  capacity  and,  ideally, 
capable  of  'live"  towing.  A  series  of  winches  with  limited  storage  capacity  were 
developed  during  the  1950's  for  a  number  of  models  of  Navy  blimps.  At  that  time 
the  requirement  was  "live"  towing  of  a  submerged  sonar  listening  device.  The 
winches  were  hydraulically  powered  and  capable  of  automatic  or  manual  reel-out 
and  reel-in  to  limit  towing  loads. 

Recovery  of  the  upper  balloon  will  probably  be  initiated  by  a  valving  of  some 
of  the  balloon's  helium,  to  minimize  reel-in  loadB.  The  airship  is  again  flown  so 
as  to  minimize  aerodynamic  loads  on  the  descending  balloon.  Final  recovery 
would  be  in  a  free-balloon  mode.  Recovery  of  the  remaining  upper  balloon  helium 
probably  is  not  warranted  as  such  an  operation  would  prolong  the  final  recovery  and 
pose  rather  difficult  plumbing  problems. 


30.7  COMPARISON  OF  STATI0N<KEEPING  BALLOON  CONCEPTS 

In  summary,  a  preliminary  comparison  of  balloon  systems  discussed  in  this 
paper  is  outlined  in  Table  30. 1 .  The  condition  chosen  for  comparison  is  support 
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of  a  payload  of  500  pounds  at  an  altitude  of  80, 000  feet  in  winds  up  to  30  knots.  It 
is  apparent  from  an  examination  of  this  table  that  3elf-powered,  streamlined  bal¬ 
loons  are  substantially  smaller  than  natural  balloons.  This  is  true  even  though 
the  streamlined  balloons  employ  higher  strength  envelopes  to  provide  superpres¬ 
sure  for  extended  flight  capability. 

Ground-based  microwave  power  permits  even  smaller  streamlined  balloons. 
The  passive,  natural  shape,  tethered  balloons  are  smaller  yet,  but  are  limited  in 
endurance  because  of  the  ballast  requirement  for  zero  pressure  balloons.  It  is 
possible  to  consider  the  development  of  natural  shape  superpressure  balloons  for 
extended  flight  to  eliminate  the  ballasting  requirement. 

The  major  advantages  and  disadvantages  of  the  station-keeping  balloon  concepts 
are  listed  in  Table  30.  2  for  comparative  purposes.  All  concepts  require  develop¬ 
ment  work  to  bring  them  into  being.  Of  the  concepts  tabulated,  the  natural  balloon 
powered  with  batteries  requires  the  minimum  effort.  The  other  concepts  require 
development  in  varying  degrees. 

Before  a  station-keeping  balloon  system  concept  can  be  recommended,  a  more 
detailed  definition  of  concepts  is  required.  Thi  s  definition  for  a  specific  mission 
would  provide  a  basis  for  comparison  and  selection.  However,  the  preliminary 
conceptual  descriptions  in  this  paper  offer  some  possible  solution  to  the  general 
problem  of  station  keeping  and  an  indication  of  how  some  of  the  major  parameters 
influence  the  nature  of  the  balloon  systems. 


Table  30. 1.  Comparison  of  Station-Keeping  Balloon  Concepts. 
Payload  •  500  lb;  Altitude  -  80, 000  ft;  and  Airspeed  -  30  knots. 


CONCEPT 

ENDUR¬ 

ANCE 

POWER 

CYCLE 

BALLOON  SIZE 
(CU  FT) 

1.  Natural  Balloon 
(Batteries) 

1  day 

Half  Time  Day 
and  Night  (D.  L. 
-0. 35) 

Half  Time  Day 
and  Night  (D.  L. 
•0. 10) 

80  x  10® 

16  X  10® 

8.  Natural  Balloon 
(Batteries  and  Solar 
Celle) 

4  days 

Half  Time  Day 
and  Night  (D.  L. 
>0. 10) 

36  x  10® 

3.  Streamlined  Balloon 

>30  days 

Daytime  Only 
Half  Time  Day 
and  Night 

Half  Tims  Day 
and  Night 

3  x  10®  (5%  Free  Lift) 

(Batteries  and  Solar 
Celia) 

>30  days 

»30  days 

5. 2  x  10®  01%  Free  lift) 
36  x  10®  (15%  Free  Lift) 
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Table  30. 1.  Comparison  of  Station*  Keeping  Balloon  Concepts  (Cont. ) 


CONCEPT 

ENDUR¬ 

ANCE 

POWER 

CYCLE 

BALLOON  SIZE 
(CU  FT) 

4.  Streamlined  Balloon 
(Microwave  Power) 

>30  days 
>>30  days 

Continuous 

Continuous 

3. 2  x  10®  (5%  Free  Lift) 

13  x  10*  (15%  Free  Lift) 

5.  Tethered  Balloon 

1  day 

None 

2.1  x  10®  at  80.000  ft 

0.1  x  10«  at  20,000  ft 

6.  Tethered  Balloon 

4  days 

None 

3.4x10*  at  80.000  ft 

0. 1  x  10*  at  20, 000  ft 

7.  Airship  with  Teth  - 
ered  Balloon 

1  day 

570  BHP  at 
Airship 

232  lb  fuel/hr 

3.8  x  10®  at  80.000  ft 

1.5  x  10*  at  10.000  ft 

Table  30. 2.  Advantages  and  Disadvantages  of 
Station-Keeping  Balloon  Concepts 


ADVANTAGES 

DISADVANTAGES 

1.  Natural  Balloon 
(Self- Electric 
Propulsion) 

Simple  Design 

Less  Expensive  Balloon 
Mobile 

Controllable 

High  Drag 

Large  Power  Requirements 
Large  Volume 

2.  Streamlined  Balloon 
(Self-Electric 
Propulsion) 

Smaller  Total  Volume 

Lower  Propulsion  Require- 

G  raster  Endurance 

Mobile 

Controllable 

More  Complex  Uiiinmi  De¬ 
sign  and  Construction 
Large  Sise  Balloon  for 

Super  Pressure  Construc¬ 
tion 

L  Streamlined  WIum 
(Ground  Power 

Minimum  Sixes  for  Powered 
Remote-Controlled  Flight 

Same  as  Asm  2  Above  Plus: 
Steerable  Ground  Dish  aw 
Ground  Power  System 

«a- - « - a 

lUKroma 

Must  Stay  Within  Engs 
of  Near -Vertical  Beam 

A*  Unllnnn  - 

•a  Avunno  otuooQ 

Minimum  Sixes  for  1  to  4 

Day  Durations  Passive 
Aerial  Systems 

Substantial  Ground  Winch 
Installation  floenirart 

Two.  BaHoon  System  iter 
Smaller  taper  Bauson 
High  Streasthto  Weight 
Tethers  Require  Develop- 

381 


Table  30.  2.  Advantages  and  Disadvantages  of 
Station-Keeping  Balloon  Concepts  (Cont. ) 


ADVANTAGES 

DISADVANTAGES 

5.  Airship  with 
Tethered  Balloon 

Three-Dimensional  Mobil¬ 
ity  with  Piloted  Tow 
Vehicle 

No  Wind  Deployment  by 

Free  Ballooning 

ZPG-3W  Airship  Design 
Appropriate  Without  Ex¬ 
tensive  Redesign 

Missions  Not  Limited  by 
Ordinary  Ground  Wind 
Conditions 

Helicopter  Refueling 
Possible  for  Extended 
Missions 

Expensive  Launch  and  Tow 
Vehicle 

Development  of  Large 
Airborne  Winch  Required 
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31.  Recent  Airship  Developments 

and  Applications 

R.R.  Fisher  and  R.S.  Ross 
Goodyear  Aerospace  Corporation 
Akron,  Ohio 


Abstract 


A  recently  conducted  program  utilized  a  Goodyear  advertising  type  airship 
in  the  development  of  a  "special  mission"  vehicle  capable  of  manned  or  droned 
operation.  The  vehicle,  which  carried  a  variety  of  special  hardware,  demon¬ 
strated  the  unique-capabilities  of  the  LTA  vehicle  in  sustained  low  speed  flight, 
low  altitude  surveillance,  and  quiet  operation.  The  flexibility  of  the  airship  in 
the  mounting  of  hardware  and  other  equipment  and  in  its  adaptation  to  a  unique 
stern  propulsion  arrangement  was  also  illustrated. 

Envelope  physical  size  permitted  listening  and  direction  finding  on  ground 
noise  sources.  The  peculiar  characteristics  of  helium  also  were  of  unique  bene¬ 
fit  in  this  specific  program. 

The  latest  Goodyear  advertising  airship,  the  "America",  features  the  modi¬ 
fied  Navy  'L"-ship  car  and  a  200,000  cubic  foot  envelope.  A  larger,  fan-ccoled 
engine  installation,  improved  envelope  pressure  system,  improved  rudder  con¬ 
trol,  and  a  turbine-powered  APU  for  electrical  supply  during  the  night-sign  opera¬ 
tion  have  been  added.  The  four-color  animated  night  sign,  pioneered  on  the 
"Mayflower"  several  years  ago,  has  beet  enlarged  and  improved  with  simplified 
electronics  and  animation  techniques,  ami  magnetic  tape  control. 
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31.1  INTRODUCTION 

Recently,  under  contract  to  Army  Missile  Command,  Goodyear  Aerospace 
Corporation  was  requested  to  conduct  a  series  of  tests  to  investigate  unique  capa-  « 

bilities  of  lighter-than-air  vehicles  for  possible  new  mission  concepts.  Conven¬ 
tional  aircraft  of  the  fixed  and  rotary  wing  types  suffer  inherent  limitations  as  they 
are  extended  into  flight  regimes  which  are  quieter,  slower,  and  smoother  than 
previously  possible. 

At  this  particular  time,  Goodyear  was  building  larger,  more  elaborate  airships 
to  replace  the  advertising  fleet  then  in  operation.  One  airship,  the  Mayflower, 
upon  retirement  became  available  for  this  test  program.  It  was  stripped  of  all 
advertising  signs  and  supporting  equipment,  and  placed  in  an  experimental  status 
so  that  changes  eould  be  made  to  it  without  the  need  for  full  FAA  certification. 

Although  this  airship  was  relatively  small,  limiting  the  payload  that  could  be 
carried,  it  demonstrated  very  successfully  the  tremendous  potential  that  is  avail¬ 
able  in  powered  lighter-than-air  craft  as  aerial  platforms.  This  was  particularly 
true  regarding  smoothness  and  silence  of  flight,  as  well  as  the  ability  to  operate 
under  complete  control  at  airspeeds  as  low  as  five  miles  per  hour.  Hovering,  or 
free  ballooning  where  the  relative  velocity  was  zero  miles  per  hour,  was  also 
demonstrated.  The  presence  of  the  helium-filled  envelope  permuted  listening 
tests  never  before  attempted. 

As  a  result  of  this  program,  new  mission  considerations  for  lighter-than-air 
vehicles  can  be  planned  with  reasonable  confidence  of  success. 

* 

31.2  DESCRIPTION  OF  PROGRAM 

Three  major  objectives  were  to  be  demonstrated.  First,  controlled  flight 
at  airspeeds  of  5  to  15  miles  per  hour  was  an  unexplored  region  that  was  to  be  in¬ 
vestigated  with  the  full-scale  airship.  Free  ballooning,  or  balanced  uncontrolled 
flight  at  zero  relative  velocity,  was  a  well  known  and  useful  emergency  procedure. 

Controlled  flight  as  low  as  15  to  20  miles  per  hour  was  in  the  normal  operating 
range.  However,  analytical  studies,  including  computer  runs,  showed  that  in  the 
region  between  5  and  15  miles  per  hour,  control  reversal  was  probable  with  con¬ 
ventional  control  systems.  II  at  some  future  date  the  airship  might  be  under  auto¬ 
matic  control  or  droned,  it  would  be  advantageous  to  eliminate  this  control  rever¬ 
sal  or  at  least  know  enough  about  it  to  provide  appropriate  compensation.  It  was, 
therefore,  decided  to  operate  in  this  speed  range  and  check  the  control  performance 
so  that  plans  for  its  presence  could  be  realistically  evaluated  in  future  vehicles.  ' 


Hie  second  major  objective  was  to  demonstrate  how  quietly  the  airship  could 
be  made  to  operate.  Many  attempts  at  silent  flight  are  under  investigation  with 
fixed  and  rotary  wing  vehicles;  however,  to  support  its  weight,  each  of  these  types 
requires  the  relatively  fast  movement  of  some  component  through  the  air,  such  as 
the  rotor  or  the  wing.  This  movement  in  itself  causes  sound,  limiting  the  minimum 
possible  acoustic  signature  of  the  vehicle.  Since  the  airship  supports  its  weight 
primarily  with  the  lifting  gas,  helium,  in  a  completely  silent  manner,  the  major 
noise  would  result  from  propulsion.  If  this  propulsion  requirement  were  mini¬ 
mized,  such  as  by  reducing  the  speed,  a  completely  new  realm  of  silent  operation 
would  be  possible.  A  quiet  propulsion  system  was,  therefore,  to  be  demonstrated 
on  this  airship  and  it  was  to  be  flown  at  a  low  altitude,  hopefully,  undetectable  by 
the  human  ear. 

The  third  objective  was  to  fly  this  quiet  vehicle  with  GFE  hardware  on  board 
and  demonstrate  how  a  stable,  silent  airship  can  be  a  useful  platform  capable  of 
performing  observation  missions  not  completely  achievable  with  conventional 
heavier -than -air  craft. 

With  these  three  objectives  in  mind,  a  series  of  modifications,  test  flights, 
and  analytical  studies  were  performed  that  established  the  airship  capability  and 
generated  the  data  needed  for  the  development  of  a  future  mission  vehicle.  Not 
only  were  all  the  objectives  achieved,  but  the  airship  also  demonstrated  several 
unique  capabilities  of  safety  and  versatility  that  should  be  considered  in  evaluating 
the  worth  of  the  concept. 


31.3  DESCRIPTION  OF  THE  EQUIPMENT 

Although  very  specific  data  were  collected  using  a  variety  of  instruments, 
for  the  purpose  of  this  paper  the  equipment  will  be  described  only  in  general  terms 
so  that  the  impact  of  the  overall  achievements  is  not  lost  in  detailed  discussions 
of  what  was  used  and  how  it  was  used.  These  details  are,  of  course,  needed  when 
trying  to  establish  the  engineering  data  necessary  to  design  and  build  future  sys¬ 
tems,  but  this  paper  will  cover  primarily  the  importance  of  the  broad  findings 
which  influence  forward  planning. 

The  airship  used  was  the  former  Goodyear  advertising  airship.  Mayflower, 
which  had  an  envelope  volume  of  147, 300  cubic  feet,  a  length  of  160  feet,  and  a 
diameter  of  51  feet.  It  was  propelled  by  two,  175  horsepower  Continental  engines 
driving  variable-pitch  pusher  propellers.  The  car  was  23  feet  long  and  could 
carry  a  half  dozen  people  when  empty.  The  airship  was  stripped  of  all  unnecessary 
gear  to  make  it  as  light  as  possible  so  that  modification  and  test  equipment  could 
be  carried  (see  Figure  31. 1). 
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In  order  to  achieve  silent  flight  at 
speeds  between  S  and  IS  miles  per  hour, 
a  stern  drive  was  installed.  It  consisted 
of  a  three-blade,  slow  turning,  20-foot 
diameter  propeller  assembled  from  modi¬ 
fied  helicopter  blades,  rigidly  attached  to 
a  hub  in  a  manner  that  permitted  ground 
adjustment  of  the  blade  angles.  This  hub 
was  then  attached  to  a  hydraulic  motor 
supported  by  a  gimbal  arrangement  that 
provided  means  for  tipping  the  propeller 
plane  for  control  of  thruirt  direction.  This 
motor  was  supplied  by  hydraulic  lines 
from  an  electrically  driven  pump  placed 
in  the  car.  The  entire  stern  propulsion 
assembly  was  supported  on  a  metal  structure  laced  to  the  envelope.  The  electric 
motor  and  pump  were  housed  In  an  acoustically  treated  container  to  minimise 
noise  output  (see  Figure  31.  2). 

During  one  test,  in  order  to  reduce  the  weight  of  the  airship  even  further,  one 
engine  was  completely  removed  from  the  airship.  The  electric  motor-hydraulic 
pump  installation  was  mounted  outside  the  car  in  place  of  this  engine,  to  maintain 
the  weight  balance  across  the  plane  of  symmetry.  Take-offB  were  successfully 
performed  with  the  single  unsymmetrical  drive  system,  a  feat  not  usually  even 
to  be  considered  for  a  heavier-than-air  vehicle  (see  Figure  31.  3). 

A  variety  of  GFE  hardware  was  attached  to  the  envelope  and  also  suspended 
below  the  airship  on  a  trailing  wire.  The  envelope  was  an  ideal  background  for 
this  equipment,  and  it  was  simple  to  apply  another  "patch"  whenever  a  new  loca¬ 
tion  was  desired  for  a  piece  of  equipment.  Even  the  heavy  battery  case  that  sup¬ 
plied  the  power  was  supported  on  the  envelope.  It  was  located  ahead  of  the  car  to 
balance  the  weight  of  the  stern  drive  system  (see  Figure  31. 4). 

Optical  equipment  and  vibration  measuring  instruments  were  located  on  the 
car  or  other  structure,  as  particular  testa  required.  Low-light-level  television 
was  used  and  moat  of  the  tests  were  conducted  at  night.  Data  were  collected  on 
oscillograph,  television  and  acoustic  tapes,  and  measurements  were  made  of 
performance  of  all  the  equipment. 

31.4  TESTS  AND  RESULTS 

In  order  to  demonstrate  the  controllability  of  the  airship  at  low  velocities, 
it  was  flown  with  conventional  engines  stopped,  utilising  stern  drive  only  at  varying 


Figure  31. 1.  Mayflower  Modified  for 
Sensor  Test  Program 
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Figure  31.  2.  Stern  Propulsion  Assembly 


Figure  31.3.  Power  Source  for  Stern 
Drive  Replaced  One  Engine 


settings  of  rudders,  elevators,  and  gimbals.  At  all  speeds  from  5  to  15  miles 
per  hour  it  was  possible  to  turn  the  airship  by  the  use  of  the  rudders  alone,  gim¬ 
bals  alone,  or  in  combination.  The  air  flow  over  the  control  surfaces  from  the 
proximity  of  the  stern  drive  improved  the  surface  effectiveness.  In  this  arrange 
ment  the  rudders  alone  were  more  effective  than  the  gimbal  alone;  however,  the 
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ITEM  NO.  DESCRIPTION 

1  Nose  Patch  (doublet) 

2  Ear  units  (A  -  Port,  B  - 

Starboard) 

3  High-frequency  X  and  Y  doublet 

arrays 

4  Low-frequency  Y  doublet  array 

5  Trailing  Package  (Single  unit, 

or  doublet  in  "Bird") 

6  Fin  units  (A  -  Port,  B  - 

Starboard) 

"X"  Low-frequency  X  doublet  array 

L  Tracking  Light 


ft 


Figure  31.4.  A  Typical  Installation 
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Figure  31.  5.  Time  to  Achieve  45° 
Heading  Change 


flight  test  oata 

u  rudders  alone  most  effective  system  was  the  combina- 

t  ^00ERs‘LANDe0.MSALS  tlon  of  rud,iers  ***  gimballed  propeller 
respective4  RATES  which  gave  very  satisfactory  turning 
*  RAT°H5iMSMai1MLS  rates  at  all  speeds  tested  (see  Figures 
31.  5  and  31.  6). 

An  attempt  was  made  to  check  the 
reversal  of  control  that  was  predicted  to 
take  place  in  pitch  at  low  velocities.  This 
was  a  little  difficult  to  locate  at  first, 
because  the  reversal  was  so  subtle.  Ac¬ 
tually,  it  does  occur  in  the  speed  range 
between  5  and  15  miles  per  hour,  depend¬ 
ing  on  the  heaviness  or  lightness  of  the 
vehicle.  The  true  climb  or  descent  rate, 
however ,  is  so  slow  that  it  takes  quite  a 
while  to  recognize  that  reversal  has  actually  occurred.  A  human  pilot,  therefore, 
handles  it  as  a  flight  technique.  An  autopilot,  however,  would  have  to  anticipate 
it  or  the  reversal  would  have  to  be  eliminated.  Several  methods  were  studied  for 
changing  the  control  at  this  flight  condition  and  perhaps  the  simplest  techniques 
were  to  use  bow  elevators,  or  a  ballonet  system  to  trim  the  airship  by  movement 
of  ballonet  air  fore  or  aft.  Both  can  readily  be  accomplished  and  provided  for  on 
a  mission  vehicle.  Adding  bow  elevators  adds  another  feature,  the  ability  to  rise 
and  descend  without  pitching  the  airship  itself,  if  this  should  be  desirable  for 
some  reason  (see  Figure  31.7). 

Another  unusual  and  une:.pected  finding  was  made.  The  airship  itself,  des¬ 
pite  its  size,  was  not  visible  to  the  naked  eye  during  these  night  flights.  This  was 
despite  the  fact  it  was  still  silver  in  color  and  flying  at  altitudes  between  300  and 
1,000  feet.  Undoubtedly  under  certain  moonlight  conditions  it  would  have  been 
visible;  however,  during  these  tests  these  conditions  did  not  exist. 

Microphones  placed  on  the  airship  were  used  to  record  sounds  emanating 
from  various  sources.  These  were  both  natural  sounds  and  self-generated.  It 
is  interesting  to  note  how  the  helium-filled  envelope  could  be  used  to  obtain  stereo¬ 
phonic  effects  because  of  its  size  and  the  ability  to  separate  microphones  far  from 
one  another.  It  also  acted  as  a  deflector  of  sound;  a  nose-mounted  microphone 
could  detect  far  ground  noises  even  when  a  nearby  engine  on  the  car  was  running. 
The  difference  in  sound  transmission  properties  through  helium  and  air  can  be 
used  to  advantage. 


MAXIMUM  TUmUMS  MATE  -  OCS/SCC 
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Figure  31. 6.  Maximum  Turning  Rate  Performance 


Figure  31. 7.  Performance  of  Candidate  Low-Speed-Control  Systems 
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31.5  CONCLUSIONS 

From  the  data  collected  on  these  first  tests  using  the  airship  as  an  observa¬ 
tion  base,  the  following  conclusions  were  reached: 

(1 )  A  silent  airship  can  be  built  with  complete  control  to  minimum  flight 
speeds  of  5  miles  per  hour. 

(2)  A  low  rpm  stern  propeller  can  be  an  effective  drive  for  such  an  airship. 

(3)  In  the  event  that  it  is  desired  to  drone  this  vehicle,  reversal  of  control 
in  pitch  can  be  eliminated  by  the  use  of  bow  elevators  or  ballonet  trim. 

(4)  The  airship  envelope  is  an  ideal  base  for  mounting  various  types  of  hard¬ 
ware  because  of  its  size  and  ability  to  shield  from  extraneous  noises. 

(5)  Under  most  reasonably  steady  wind  conditions,  the  airship  can  hover 
relatively  motionless  with  respect  to  the  ground. 

(6)  Microphones  lowered  from  the  airship  can  be  used  effectively  to  pick  up 
discrete  sounds. 

(7)  The  airship  is  surprisingly  invisible  to  the  naked  eye  on  dark  nights. 

(8)  The  airship  possesses  safety  features  of  engine-out  performance  not 
possible  in  any  other  aircraft.  Actually,  the  results  can  be  summed  up  in  one 
conclusive  sentence.  The  airship  possesses  unique  platform  characteristics  not 
possible  with  any  other  aircraft  and  should  be  given  serious  consideration  for 
missions  previously  not  believed  feasible. 


31.6  SUPER  SKYTACULAR 

This  report  has  discussed  the  modification  of  a  Goodyear  advertising  airship 
into  a  silent  test  vehicle.  This  part  of  the  report  will  cover  the  upgrading  of  the 
lighter-than-alr  advertising  fleet  with  a  larger  airship  carrying  a  more  spectacu¬ 
lar  electric  sign.  R  illustrates  the  combining  of  a  number  of  aerospace  talents  to 
perform  a  commercial,  good-will  project. 

The  blimp  envelope  Itself  has  a  new  volume  of  302, 700  cubic  feet  instead  of 
the  former  147, 300  cubic  feet.  This  resulted  in  a  length  increase  from  160  feet 
to  182  feet  with  about  the  same  width  of  50  feet.  The  new  envelope  Is  made  of 
neoprene-coated  Dacron  and  contains  ballonets  which  give  it  a  maximum  ceiling 
of  7800  feet  (see  Figure  31. 8). 

The  car  is  essentially  the  same  mm  used  on  previous  advertising  airships 
upgraded  to  support  twin  six-cylinder,  210  hp  engines  instead  of  the  previous  178 
hp  units.  It  is  about  23  feet  long,  eight  feet  high  and  can  carry  six  passengers 
plus  the  pilot.  This  gives  the  new  airship  a  maximum  speed  of  80  mph  with  a 
cruise  speed  of  30-38  mph. 
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The  major  reason  for  the  larger  airship  is  the  new  sign  it  carries  on  each  side 
of  the  envelope.  These  are  105  feet  long  and  24.  5  feet  high;  each  includes  3780 
specially  designed  lamp3  inside  red,  blue,  green  and  yellow  reflectors  intercon¬ 
nected  by  80  miles  of  wiring.  This  sign,  known  as  'Super  Skytacular",  can  spell 
out  messages  and  enliven  them  with  animated  cartoon,  all  in  color.  Words  of 
messages  and  animation  can  run  in  e.ther  direction  or  up  and  down.  When  the  air¬ 
ship  is  flying  at  1,000  feet,  it  can  be  read  by  people  on  the  ground  a  mile  away  from 
the  airship  (see  Figure  31.  9). 

The  messages  are  made  on  exotic  electronic  equipment  in  a  special  lab  in 
Akron.  A  technician  "draws"  the  animation  and  copy  on  a  cathode  ray  tube  with  a 
light  gun.  From  there  a  computer  takes  over,  and  the  process  results  in  a  mag¬ 
netic  data  tape.  A  typical  six-minute  tape  consists  of  40  million  pieces  or  bits  of 
"on-off"  information  which,  when  run  through  special  electronic  readers  aboard 
the  airship,  control  lamp  and  color  selection  and  the  speed  at  which  messages  are 
run  (see  Figures  31. 10,  31. 11  and  31. 12). 

When  this  night  sign  is  used,  a  special  auxiliary  power  unit  is  carried  under¬ 
neath  the  car.  It  contains  a  small  jet  engine  enclosed  in  a  pod,  driving  a  500- 
ampe  .'e,  28-volt  direct  current  generator. 

This  lighted  sign,  the  first  of  its 
kind  to  employ  color  and  animation,  is 
used  primarily  for  public  service  mes- 
sages  in  behalf  of  non-profit  charities  'If 

and  service  organizations.  Special 

animated  messages  in  color  have  been  ** 

developed  for  the  holiday  seasons,  such  1  *’  >  1  *  ' 

as  Santa,  his  sleigh  and  reindeer  at  ill  if  >  *•'  1  '  **  *  »  '  *' "  H*j 


Figure  31.  8.  The  New  Airship 
"America"  Showing  the  Super  Skytacular 
Sign 


Figure  31.  9.  Sign  at  Night 


Figure  31.  10.  Animations  are  "Born" 
in  an  Electronic  Lab 


Figure  31. 11.  A  Light  Gun  is  Used  to 
Draw"  Patterns  and  Cartoons  on  a 
Screen 


_  Figure  31. 13.  The  Star  Spangled 

1  igure  31.  12.  Decoding  and  Associated  Banner  Flies  Proudly  on  the  Super 
Equipment  that  Controls  the  Sign  Skytacular  Sign 
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Yuletide,  a  turkey  escaping  an  ax -wielding  man  at  Thanksgiving,  and  Fourth  of 
July  firecrackers  exploding  to  form  an  American  flag  (see  Figure  31.  13). 

In  addition  to  serving  Goodyear's  own  public  relations  program,  the  airships 
also  are  in  great  demand  by  the  nation's  news  media,  particularly  television  net¬ 
works  for  use  as  aerial  camera  platforms  for  special  events. 

To  maintain  the  airship,  a  crew  of  22  is  used;  five  pilots,  a  public  relations 
representative  and  16  crewsmen,  some  of  whom  are  engine,  radio,  electronics 
and  structural  experts.  With  four  specially-equipped  ground -support  vehicles, 
the  airship  crew  is  almost  self-sustaining  in  the  field,  as  far  as  operation  and 
maintenance  of  the  blimp  is  concerned.  The  caravan  of  vehicles  travels  by  high¬ 
way,  with  the  blimp  flying  overhead. 

A  bus,  specifically  designed  for  the  operation,  serves  as  a  flight  center  and 
communications  headquarters  on  tour.  It  is  equipped  with  two-way  aviation  radio, 
all  administrative  aids  necessary  for  the  operation  and  a  special  mast  for  landing 
the  blimp  if  it  should  be  necessary  during  a  cross-country  mission. 

A  large  tractor-trailer  rig  serves  as  a  mobile  maintenance  facility.  The 
tractor  unit  includes  a  machine  shop,  night  sign  and  television  equipment  lab  and 
helium  purification  unit.  The  trailer  also  carries  the  main  ma.  .,  spare  parts 
and  supplementary  equipment. 

A  station  wagon  and  sedan  round  out  the  rolling  stock,  and  are  used  for  ground 
liaison  work  and  crew  transportation. 

All  special  vehicles  are  equipped  with  two-way  radios  for  contact  with  each 
other  or  the  airship. 

Safety  is  the  primary  factor  in  the  overall  airship  operation. 

Each  airship  travels  more  than  100,000  air  miles  a  year  and  carries  approxi¬ 
mately  8,000  passengers.  Goodyear  airships,  past  and  present,  have  operated 
for  more  than  five  decades  without  a  single  passenger  fatality. 
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32.  Engineering  Considerations  for  a 
Tethered  Balloon  System 
Below  the  Tropopause 


P.F.  Myers 
Goodyear  Aemspoce  Corporation 
Akron,  Ohio 


Abstract 


The  trade-off  considerations  for  a  tethered  system  to  approximately  25,  000 
feet  above  mean  sea  level  are  discussed.  Considerations  include  payload  weight, 
altitude,  design  wind,  wind  profile,  temperature,  time  on  station,  and  balloon  L/D 
(including  both  static  and  dynamic  lift). 

Single  balloon  and  multiple  balloon  arrangements  will  be  suggested.  The  use 
of  the  computer  for  "blow-down"  solutions  of  various  operational  wind  profiles  and 
of  alternate  balloon  systems  permits  rapid  and  inexpensive  optimizing  of  the  sys¬ 
tem  to  suit  specific  design  criteria.  The  computer  can  also  generate  and  draw  the 
full-size  gore  templates  for  the  balloon  hull  shape  selected  and  the  volume  deter¬ 
mined  as  necessary. 


32.1  INTRODUCTION 

Two  years  ago  I  had  the  pleasure  of  assembling  the  "Tethered  Balloon  Handbook" 
under  the  sponsorship  of  our  hosts,  the  Air  Force  Cambridge  Research  Laboratories. 
At  that  time  it  was  apparent  that  though  the  balloon  fraternity  may  be  small  in  number, 
they  are  large  of  heart.  I  should  like  to  thank  those  of  you  whom  I  have  previously 
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met  only  by  phone  or  letter,  for  invaluable  assistance  in  assembling  the  ihforma- 
tion  in  that  volume. 

I  shall  always  remember  the  remark  made  to  me  by  a  gentleman  from  New 
Mexico  State  University.  He  said,  "Balloons  are  like  children.  They're  all 
different.  You  just  have  to  love  theml "  I  think  we  would  all  agree  that,  with 
balloons  as  well  a3  with  children,  although  it  may  be  essential,  love  alone  is  not 
enough  and  there  are  times  when  love  is  more  than  difficult. 

32.2  BASIC  CRITERIA 

32.2.1  General 

This  paper  will  describe  some  of  the  engineering  methodology  of  tethered- 
balloon  system  design  which  has  been  developed  and  which  makes  great  use  of 
computer  assistance.  A  considerable  amount  of  data  must,  of  course,  be  pre- 
digested  and  organized  before  the  computer  can  be  trusted  with  it. 

32.2.2  Customer  Requirements 

The  customer  requirements  for  a  tetbr  red  balloon  system  ordinarily  specify 
a  payload  weight,  flight  altitude,  and  operational  winds.  The  customer  is  fre¬ 
quently  not  knowledgeable  as  to  the  cost  effects  of  design  winds  on  the  balloon  sys¬ 
tem  and  must  often  be  guided  in  this  regard  by  the  balloon  designer. 

The  sizing  of  a  balloon-tether  system  is  a  three-fold  proposition.  The  design 
survival  wind  will  generate  maximum  tether  tensions  and  -  for  a  given  factor  of 
safety  -  size  the  tether  line.  The  "hot"  atmospheric  requirement  will  determine 
minimal  static  lift  which  may  be  insufficient  to  raise  the  weight  of  the  previously 
selected  tether  to  design  altitude.  Finally  the  operational  wind  will  result  in  a 
down  wind  excursion,  or  "blow-down",  of  the  balloon,  necessitating  a  greater 
length  of  tether  out  to  maintain  design  altitude.  The  total  aerostatic  and  aero¬ 
dynamic  characteristics  of  the  balloon  and  wind  profile  to  the  ground  will  be 
involved  in  this  third  aspect  of  the  problem.  Sometimes  there  will  be  additional 
constraints  as  to  the  down-wind  excursion  permissible. 

32.2.3  Design  Winds 

Everyone  here  is  undoubtedly  familiar  with  the  typical  wind  profiles,  which 
normally  peak  in  velocity  and  dynamic  pressure  in  the  neighborhood  of  40,  000  feet. 
Tethered  balloon  systems  are  sensibly  engineered  to  stay  below,  or  fly  above, 
those  altitudes  of  peak  dynamic  pressure.  While  this  paper  will  describe  the 
techniques  of  sizing  a  balloon  system  for  below  25,  000  fe?t,  the  techniques 
described  are  equally  applicable  to  all  altitudes. 
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Figure  32. 1  presents  the  wind  profiles  desired  by  the  customer  whose  problem 
I  have  chosen  to  follow  for  this  paper.  His  payload  was  three  hundred  pounds,  his 
altitude  20, 000  feet  above  the  terrain— the  operating  site  being  2,  000  feet  above 
mean  sea  level.  At  the  operational  wind,  the  balloon  was  to  be  at  design  altitude 
despite  "blow-down",  and  at  survival  it  was,  of  course,  to  survive. 

Figure  32.2  is  a  representation  of  the  winds  of  15, 000  feet  being  carried  from 
sea  level  to  design  altitude  along  lines  of  equal  dynamic  pressure.  These  four 
"survival"  winds  were  the  basis  for  evaluating  the  cost  of  appropriate  designs  for 
increased  wind  capability.  The  aim  is  to  steer  an  optimum  course  between  the 
size  and  cost  of  over-design  and  the  disappointment  of  under-design. 


32.2.4  Balloon  Types 

Figures  32. 3  and  32.4  are  the  two  aerodynamic  balloon  configurations  involved 
in  the  present  exercise,  a  single-hull  shape  and  the  VEE- BALLOON*.  Other 
shapes,  including  the  natural  shape,  could  of  course  be  used  with  the  appropriate 
weight  and  aerodynamic  characteristics  fed  to  the  computer. 

♦Registered  Trademark,  Goodyear  Aerospace  Corporation,  Akron,  Ohio 
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Figure  32.3.  Class  C  and  Ram  Air  Figure  32.4.  VE  E  -  BALLOON 

C  Configuration  Configuration 


32.3  COMPUTER  SIZING  OF  BALLOONS 

The  computer  is  provided  the  C ^  and  C^  values,  static  lift  values,  fabric 
strength  and  weights,  dynamic  pressure  requirements  for  design,  blower  weights, 
battery  weights  fir  specified  time  on  station,  and  all  the  multitude  of  details 
making  up  a  specific  balloon.  Table  32. 1  is  a  typical  print-out  for  one  particular 
balloon  of  single  hull  configuration  for  a  given  altitude,  payload,  and  design  wind. 

32.3.1  Assumptions  for  Computer  Sizing  of  Balloons 

A  number  of  assumptions  must  be  made  and  provided  the  computer  before  it 
can  print  out  such  a  solution.  The  assumptions  involved  in  the  present  case  are 
listed  below: 

(1)  The  internal  design  pressure  is  equal  to  1/4  inch  of  water  pressure  (1.30 
psf)  greater  than  the  external  dynamic  pressure,  to  prevent  bow  cave-in. 

(2)  The  suspension  system  is  assumed  to  distribute  the  tether  load  along  the 
hull  in  such  a  manner  that  the  bending  moment  stresses  in  the  hull  become  of 
secondary  importance  and  can  be  neglected  in  this  "first  pass"  solution. 

(3)  Stresses  in  the  hull  fabric  are  computed  from  three  loadings :  internal 
pressure,  buoyant  lift,  and  aerodynamic  loading.  These  stresses  are  determined 
for  the  most  severely  loaded  cross  section,  and  result  in  a  unit  material  weight 
which  is  conservatively  used  over  the  entire  hull  surface. 

(4)  The  fabric  factor  of  safety  is  set  at  3,00  for  the  stresses  determined 
above. 

(5)  The  angle  of  attack  is  assumed  equal  to  5°  as  the  design  (survival)  wind 
acts,  A  bungee  system  in  the  suspension  allows  the  angle  of  attack  to  be  7-1/2°  in 
the  operational  wind,  for  the  systems  studied . 


r 


» 
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Table  32. 1.  Computer  Printout  Data  for  a  Class  C  Balloon  Configuration 


< 


COMPUTER  INPUT  DATA:  .Payload  .Altitude 

.  Velocity  .  Angle  of  Attack 

.  Volume  .  Operating  Time 

_  .Lift  and  Drag  Coefficients  =  f Tangle  of  attack) 


Hull  unit  fabric  weight  (lb/fv2) . . 

Stagnation  pressure  (lb/ft2) . 

Design  stress,  includes 

safety  factor  of  3  (lb/ft) . 

Hull  length  (ft) . 

Projection  area  of  1  horiz . 

tail  (ft2) . 

Wetted  area  of  1  horiz  tail  (ft2). . , . , 
Thickness  of  vert,  tail,  avg  (ft). . . . 

Total  volume  of  balloon  (ft*). . . 

Wetted  area  of  spherical 

ballonet  (ft2) . . . 

Volume  lost  by  leakage 

(ft3 /day) . . 

Volume  flow  thru  blower  (ft3) . . 

Aerodynamic  stress  by  tether 

tension  (lb/ft) . 

Weight  of  hull  fabric  (lb) . . . 

Weight  of  intersect  attachments  (lb), 
Weight  of  internal  partitions  of 

horiz  tail  (lb). . . 

Weight  of  internal  partitions  of 

vert,  tail  (lb). . . 

Weight  of  exit  value  (lb) . 

Weight  of  ballonet  seams  and 

attachments  (lb) . 

Weight  of  suspension  system  (lb). . . 

Buoyant  lift  (lb) . . . . 

Balloon  weight  (lb) . 

Unit  lift  (lb/ft3) . 

Internal  design  pressure 

(lb/ft2) . 

Max  hull  diameter  (ft) . 

Projected  vert,  tail  (ft2) . . . 

Wetted  area  of  1  vert,  tail  (ft2) . 

Volume  of  1  horiz  tail  (ft3) . . 

Ballonet  volume  (ft3) . 

Intersect  area  (ft2) . 

Volume  req'd  for  temp  change 
(ft3 /day) . . . 


Blower  operating  time  at 

altitude  (min/ day) . 

Buoyant  stress  by  tether  tension 

(lb/ft) . 

Weight  of  hull  seams  (lb) . 

Weight  of  1  horiz  tail  (lb) . 

Weight  of  1  vert,  tail  (lb) . 

Weight  of  blower  (lb) . 

Weight  of  check  valve  (lb) . 

Weight  of  misc  equip,  battery  and 

blower  (lb) . . . 

Weight  of  handling  lines  and 

catenary  (lb). . . 

Net  lift  (lb) . 

Drag  (lb) . . . 

Wetted  hull(s)  area  (ft) . 

Location  of  max  diameter  (ft). . . . 
Thickness  of  horiz  tail,  avg 

(ft) . 

Volume  of  1  vert,  tail  (ft3) . 

Diameter  of  spherical  ballonet 

(ft3) . . . 

Volume  flow  rate  of  blower 

(ft3 /min) . . 

Volume  to  replace  each  day 

(ft3 /day) . 

Max  stress  due  to  inflation 

(lb/ft) . 

Intersect  weight  (lb) . 

Weight  of  attachments  of  1 

horiz  tail  (lb) . . 

Weight  of  attachments  of  1 

vert,  tail  (lb) . 

Weight  of  batteries  (lb) . 

Weight  of  ballonet  (lb) . 

Aerodynamic  lift  (lb) . 

Lift  coefficient . . 

Drag  coefficient . 
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Item  (4)  fabric  factor  of  safety,  is  an  unfortunate  phrasing,  as  it  does  not  « 

denote  the  usual  "margin  of  safety"  of  conventional  hard  structure  usage.  It  is  a 
necessary  factor  with  fabric  which  is  a  material  subject  to  creep-rupture  effects. 

Were  a  factor  of  1.00  to  be  used,  very  immediate  and  "quick-break"  failure 
would  result. 


32.4  TETHERS 

32.4.1  General 

Tether  tension  will  ordinarily  be  a  maximum  at  the  attachment  to  the  balloon. 
Balloon  loads  applied  to  the  tether  are  a  combination  of  the  total  lift,  both  static 
and  dynamic,  and  drag  force.  The  net  L/D  defines  the  angle  from  the  vertical  at 
which  the  tether  must  ride  at  its  attachment  to  the  balloon.  The  angle  of  attack  of 
the  balloon  will  depend  upon  its  static  trim  and  the  characteristics  of  the  balloon 
and  the  suspension  with  which  it  is  provided.  Tether  cable  tension  will  reduce  as 
one  travels  down  the  tether,  since  less  and  less  weight  is  hanging  below  as  one 
descends  the  tether. 

32.4.2  Tether  Coaatnictioas 

A  variety  of  tether  constructions  are  available  using  different  basic  materials. 
Basic  tether  parameters  include  weight,  diameter,  and  cost  as  a  function  of  break¬ 
ing  strength.  The  best  strength /weight  ratio  is  by  no  means  the  only  criterion;  it 
eov-id  be  accompanied  by  larger  cable  diameters,  in  which  case  the  aerodynamic 
loads  acting  on  a  long  length  can  prove  to  be  surprisingly  serious.  The  altitude 
excursion  involved  and  the  wind  profile  are  most  pertinent,  and  the  designer  must 
beware  of  making  intuitive  choices  in  his  selection  of  a  tether  construction. 

The  example  being  followed  in  this  paper  makes  use  of  the  Glastran*  cable, 
which  is  admittedly  a  controversial  choice.  The  study  from  which  I  have  extracted 
one  example  actually  compared  systems  utilizing  tethers  of  Glastran,  rocket  wire, 
and  nylon  2-in-l  construction.  The  primary  parameters  for  the  computer  "blow¬ 
down"  solutions  are  cable  weight  per  foot  and  cable  diameter. 


32.3  BALLOON  AND  TETHER  COMBINATION 
32.3.)  Mialaaa  Lift  end  Survival  Requirement 

Table  32. 2  is  a  typical  computer  determination  for  a  particular  balloon  type 
at  design  altitude  and  for  a  specific  design  survival  wind.  For  a  series  of  volumes 

*  Trademark  of  Packard  Electric  Division  of  General  Motors 


Le  32.2.  Balloon  Data  Selected  for  Class  C  Hull.  Single -Balloon  Survival  Wind  -  10  Knot  Modified 
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static  lifts  are  calculated  both  for  a  standard  day  and  for  the  "Military  Hot  Day".  * 
The  latter  condition  determines  minimum  static  lift.  For  the  standard  day,  static 
lift  combined  with  aerodynamic  lift  and  drag  (columns  2,  3,  and  5)  reduced  by  the 
calculated  balloon  weight  and  specified  payload  weight  (column  4  +  300  pounds), 
determines  maximum  cable  tension  (column  8),  The  "Hot  Day"  buoyant  lift  (column 
6)  reduced  by  the  balloon  weight  and  payload  weight,  with  the  resultant  divided  by 
20  (for  20, 000  feet  of  altitude  excursion)  provides  the  balloon  minimal  lifting 
capability  in  units  of  1, 000  feet.  Figure  32. 5  is  a  plot  of  this  balloon  capability 
plotted  with  Glastran  cable  breaking  strengths  versus  weight/ 1, 000  feet.  A  verti¬ 
cal  from  a  given  size  (and  weight)  tether  to  the  balloon  curve  below  indicates  the 
minimum  volume  balloon  which  can  maintain  that  weight  tether  to  altitude  on  the 
"Hot  Day".  With  a  smaller  balloon  we  have  a  "ground-loving"  system— or  at  least 
one  which  cannot  achieve  the  requisite  altitude  on  the  "Hot  Day". 

A  horizontal  from  the  balloon 
curve  gives  the  design  survival  wind 
tether  load.  A  vertical  from  the  same 
point  on  the  balloon  curve  to  the  cable 
curve  gives  the  cable  breakingstrength. 

The  ratio  of  the  two  values  is  the  factor 
of  safety  of  the  tether  at  design  wind 
for  the  specific  balloon-tether  combina¬ 
tion. 

The  example  being  presented  is 
only  one  of  sixteen  which  were  involved 
in  the  actual  study:  two  balloon  config¬ 
urations,  one-  and  two-balloon  systems, 
and  four  design  winds.  Each  tether 
construction  of  interest  can  be  another 
sixteen  problems.  Only  the  use  of  com¬ 
puter  techniques  permits  such  volumi¬ 
nous  comparisons. 


32.S.2  Ceet  Cenpertsea  of  Syatoae  Figure  32. 3  Cable  Breaking  Strength 

vs  Cable  Weight,  and  Tether  Design 
The  studies  so  far  described  define  Load  vs  Balloon  Minimum  Lift 

and  compare  the  systems  on  the  basis  of 

statics.  Total  cost  Is  normally  a  vital 

concern  and  will  frequently  have  much  to  do  with  the  final  choice.  For  this  reason, 
a  relative  cost  index  may  be  established  for  every  element  of  the  system  providing 
a  total  comparative  cost  index  for  each  system. 
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The  components  making  up  the  cost  index  are  those  major  elements  which  are 
expected  to  Influence  the  final  system  cost  by  reason  of  variations  in  size  or  con¬ 
figuration.  These  components  include  the  balloon,  cable,  winch  and  other  ground 
support  equipment,  helium  storage,  and  spares  for  all  system  components. 

32.3.3  Safety  Factors 

Figure  32. 6  presents  the  tether  safety  factors  for  a  survival  wind,  and  the 
operational  wind.  The  typical  sawtooth  shape  is  a  result  of  the  "Hot  Day"  lift 
limitation,  which  —  as  one  travels  to  the  left  on  the  curves  —  necessitates  a  lighter 
tether  at  a  given  balloon  volume. 

32.3. 4  Blow-Down  Solution 

The  "blow-down"  problem  is  solved  very  neatly  by  a  computer  program.  The 
tether  of  interest  is  hung  at  design  altitude  on  the  balloon  as  a  skyhook  defined  by 
the  net  lift  and  drag  of  the  balloon  at  that  altitude  and  at  the  operational  wind.  As 
stated  earlier,  the  total  net  L/D  defines  the  angle  off  the  vertical  at  which  the 
tether  begins  its  descent.  The  computer  is  provided  the  tether  diameter,  weight, 
wind  profile,  and  atmospheric  characteristics  -  either  standard  or  non-standard. 
The  computer  then  integrates  the  tether  curve,  determining  tether  lift  and  drag 
loadings  as  the  tether  angle  changes.  The  print -out  includes:  X,  the  upwind  dis¬ 
placement  from  the  balloon;  Z,  the  altitude  descent;  Phi,  the  angle  off  the  vertical; 
T,  the  tether  tension  in  pounds;  and  the  accumulating  tether  total  length.  A 
tapering  tether  can  be  investigated  by  providing  a  suitable  diminishing  diameter  and 
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Figure  32.6  Tether  Safety  Factors 


Figure  32. 7  Balloon  Downwind  Dis 
placement 
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weight.  The  program  ia  not  restricted  to  two-dimensional  wind  profiles,  but 
can  integrate  the  effects  on  a  tether  for  varying  winds  from  any  direction  of  the 
compass. 

If  the  angle  Phi  reaches  90°  before  the  requisite  lower  altitude  has  been 
reached,  the  system  under  investigation  does  not  have  the  operational  wind  and 
altitude  capability.  The  altitude  at  which  tether  angle  reaches  90°  would  represent 
the  lowest  altitude  at  which  a  second  balloon  would  have  to  be  brought  into  the  total 
system,  and  practically  this  would  be  done  at  a  higher  altitude. 

Figure  32. 7  shows  the  class  C,  single-balloon,  downwind  excursion  in  the 
operational  wind.  The  design  altitude  of  20,  000  feet  above  the  terrain  will  be  ac¬ 
companied  by  a  downwind  excursion  of  from  8, 000  to  12, 000  feet,  a  function  of 
balloon  volume  and  tether  size. 


32.6  SUMMARY 

32.6.1  Cast  r eepsrtsaas 

Figure  32. 8  presents  the  relative 
coat  of  the  example  single -hull,  single- 
balloon  system  for  a  specific  design  sur¬ 
vival  wind.  Figure  32.9  illustrates  a 
number  of  the  sixteen  balloon  systems 
studied.  Where  no  solution  ia  given,  it 
merely  means  that  —  in  the  words  of 
the  native  giving  directions  to  the  tourist 
-  "you  just  can't  get  there  from  here"  — 
with  the  system  assumed. 

Figure  32. 10  illustrates  the  cost 
effect  for  the  class  C  hull  of  one-  or 
two-balloon  systems  and  variation  in 
design  survival  wind.  Figure  32.11 
presents  individual  class  C  balloon  volume  requirements. 

32.6.2  Mad  PeHiwasce  Capability 

Figure  32. 12  represents  the  per  cent  of  wind  velocities  at  the  design  altitude 
and  desired  flying  site.  The  four  design  survival  winds  used  for  balloon  com¬ 
parison  are  presented  as  the  four  vertical  stripes  to  the  right  of  the  illustration. 
Figure  32. 13  shows  a  specific  two-balloon  system  cost  index  as  affected  by  design 
survival  wb  d.  Not  surprisingly,  the  more  expensive  the  system,  the  greater 
per  cent  of  the  time  it  may  be  flown  —  at  least  from  a  design  standpoint. 
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Figure  32.8.  Relative  Cost,  Single- 
Balloon  System 
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Figure  32.9.  Summery  of  Optimum  Systems 


32.6.3  Talker  Life  Expectaacy 

Figure  23. 14  is  e  presentation  of  creep-rupture  data  for  three  tether  ma¬ 
terials.  The  data  is  somewhat  less  than  desirable;  work  in  this  area  is  far  from 
complete. 

Figure  32. 15  presents,  above,  the  average  winds  of  Figure  32. 12  and,  below, 
a  plot  of  a  given  cable  safety  factor  at  sero  wind,  operational  wind,  and  design 
survival  wind.  For  a  significant  range,  the  two  curves  are  broken  into  four  seg¬ 
ments,  the  average  cable  safety  factor  determined  and  the  percentage  of  winds 
that  occur  for  each  segment. 

Table  32.3  and  Figure  32. 16  summarise  the  values  on  the  basis  of  a  50-day 
utilisation.  The  Indication  is  that  8, 3  percent  of  the  tether  working  life  has  been 
expended,  implying  that  the  tether  may  be  expected  to  provide  300  days  of  flying 
life. 


Figure  32. 10.  Relative  Coats,  Com 
petitive  Systems 


Figure  32. 11.  Individual  Balloon  Sixes 
Competitive  Systems 


Figure  St.  IS.  Seasonal  Wind  Dtatribu*  Figure  33.13.  Down  Time  vs  Relative 
ttou  at  Flying  Site  Cost 
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Figure  32. 15.  Correlation  of  Wind  and 
Cable  Safety  Factor 


Table  32,3.  Summary  of  Creep  Rupture  Life  Factors  Glastran  Cable 


Segment 

Average 

Safety 

Factor 

%  of 
Winds 
Occurring 

Length  of 
Time  Winds 
Occur  for  a 
50- Day  Flight 

Time  to  Failure 

%  of  Life 
Used 

1 

4.9 

33 

396  hours 

32,  000  hours 

1.24 

2 

3.6 

20 

240  hours 

1 7,  000  hours 

1.41 

3 

2.7 

12 

144  hours 

5,  700  hours 

2.52 

4 

2.3 

8 

96  hours 

3,  100  hours 

3.10 

Total 

8.27 
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32.7  COMPUTER  PATTERNING 


One  of  the  final  problems  in  which 
the  computer  excels  is  the  production  of 
working  patterns.  With  a  balloon  volume 
determined,  a  typical  solid -body-of - 
revolution  can  be  patterned  very  rapidly. 
All  that  is  needed  is  the  equation  of  the 
body  and  the  number  of  gores  from  which 
it  is  to  be  patterned.  Printout  can  be  in 
the  form  of  dimensional  tabulation  or 
actual  full-size  drawn  templates.  The 
accommodating  computer  will  even  pro¬ 
vide  a  parallel  lap  seam  line,  if  so  pro¬ 
grammed. 

32.8  CONCLUSION 

With  increasing  material-data  accumulation  and  computer  comparison 
techniques,  the  balloon  designer  is  able  to  make  more  knowledgeable  determina¬ 
tions  at  a  minimum  cost  and  provide  his  customer  with  the  most  reliable  system  to 
satisfy  his  specific  requirements . 
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Abstract 


This  paper  discusses  the  Mark  II  Balloon  Tether  Winch  which  was  developed 
for  permanent  installation  at  the  Fair  Site,  White  Sands  Missile  Range,  Holloman 
AFB,  New  Mexico.  This  site  will  be  operated  by  Detachment  1,  AFCRL,  Holloman 
AFB,  New  Mexico.  Several  unique  features  of  the  winch  system  and  the  Fair  Site 
will  be  discussed. 

The  winch  systems  were  designed  to  accommodutr  most  known  teth>,ied 
balloon  systems,  with  the  ability  to  be  expanded  to  future  increases,  in  balloon 
magnitude  and  altitude.  Features  are  Incorporated  to  take  advantage  of  future 
developments  in  materials  and  physical  construction  of  tether  lines.  Major  winch 
components  are  arranged  so  that  increased  capacity  stowage  drums  and  more 
complex  systems  can  be  made  with  a  minimum  expense  and  alteration. 

Visual  aids  will  be  employed  to  assist  in  presenting  a  general  explanation  of 
the  Mark  II  Winch.  The  control  system,  main  hydraulic  system,  capstan  drive, 
and  the  stowage  drum  drive  will  be  discussed.  A  "Servo  Wind",  level-wind  system 
was  developed  to  spool  the  tether  line  on  the  drum  without  gear  adjustments  when 
changing  line  sizes.  A  line  clamp  device  with  deceleration  features  is  employed 
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to  clamp  and  hold  the  moving  tether  cable  with  a  minimum  of  shock  on  the  line  or 
tethered  balloon.  In  general,  the  Mark  II  Winch  is  a  deviation  from  the  conven¬ 
tional  approach  to  line  pulling  mechanism. 


33.1  PAIR  SITE 


t 


Increasing  interest  in  the  application  of  tethered  balloons  for  research  studies 
over  the  past  decade  has  involved  AFCRL's  Aerospace  Instrumentation  Laboratory  - 
a  natural  outgrowth  of  its  free  ballooning  activities.  Many  times  AFCRL  Detach¬ 
ment  1,  Balloon  R  &  D  Test  Branch,  located  at  Holloman  Air  Force  Base,  New 
Mexico,  has  been  called  upon  to  support  research  projects  using  a  temporary 
tethered  site  near  the  Detachment  1  facility. 

Nearly  2Q0  tethered  balloon  nights  of  varying  configurations  have  been  made 
over  the  past  few  years.  Notable  were:  (1)  the  tethered  balloon  platforms  provided 
for  NASA's  Surveyor  vehicle,  (2)  a  tether  system  for  the  Circus  Day  balloon  which 
attained  an  altitude  of  12, 000  feet  MSL,  (3)  currently,  three  line  tethered  flights 
to  2, 000  feet  above  ground  for  the  Army's  Project  HOMINE  and  (4)  evaluation 
tests  for  the  Athena  Project,  Office  of  White  Sands  Missile  Range. 

As  a  result  of  the  increase  in  tethered  programs  and  the  potential  for  extended 
capabilities,  a  permanent  tethered  balloon  site  was  obviously  needed.  The  site 
should:  (1)  be  capable  of  routinely  handling  payloads  of  500  pounds  or  less  to 
altitudes  of  10, 000  feet  above  ground,  (2)  not  be  encumbered  by  other  programs, 

(3)  be  in  a  restricted  air  space  area  to  permit  flight  durations  of  hours  to  weeks 
and  (4)  the  area  should  allow  for  equipment  expansions  to  accommodate  develop¬ 
ment  tests  and  operations  of  tethered  systems  of  much  greater  payload  altitude 
capabilities.  With  this  in  mind,  the  Aerospace  Instrumentation  Laboratory  has 
been  constructing  a  permanent  ground  handling  site  located  on  the  White  Sand 
Missile  Range,  New  Mexico.  This  site,  now  under  construction,  will  be  called  the 
Fair  Site. 

This  site  is  located  In  the  northwest  corner  of  a  restricted  area,  R-5107-B, 
on  the  White  Sands  Missile  Range.  It  is  approximately  70  land  miles  from  the 
Detachment  1,  Balloon  ft  &  D  Test  Branch  facilities  located  at  Holloman  AFB,  New 
Mexico.  Here,  tethered  balloons  can  be  flown  to  unlimited  altitudes  with  the  only 
restrictions  being  range  scheduling.  Meteorological  conditions  have  been  investi¬ 
gated  fully,  and  the  climatology  indicates  a  good  year-round  flight  capability.  The 
site  has  the  advantage  of  a  fully  instrumented  range  to  provide  data  essential  in 
evaluating  tethered  balloon  systems. 
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Position  data  for  tethered  balloon  flights  can  be  obtained  using  either  FPS-16 
radars  or  cinetheodolites  or  both.  If  radar  is  used,  a  position  display  can  be  set 
up  at  the  Balloon  Control  Center  or  at  some  Range  Control  Station.  Velocities, 
accelerations  and  balloon  altitude  data  can  be  obtained  from  the  cinetheodolites. 
Data  reduction  can  be  provided  through  WSMR.  In  addition  to  the  cinetheodolites 
and  radars,  facilities  for  receiving  F.  M.  telemetry  are  also  available. 

Range  Accuracy: 

(1)  FPS-16  Radar  (two  radars  available) 

(a)  Balloon  at  10,000  ft.  with  transponder. 

Max.  error  ±  15  yards  in  range. 

Max.  error  ±0.  3°  azimuth  and  elevation. 

(b)  Balloon  at  10,  000  ft.  with  reflector. 

Max.  error  ±  50  yards  in  range. 

Max.  error  ±  0.  3°  azimuth  and  elevation. 

(2)  Cine  theodolite 

(a)  Balloon  at  10, 000  ft. 

Slant  range  error  of  ±  6  ft.  in  position. 

Figure  33.  1  depicts  the  site  layout.  Two  main  winch  systems  are  shown,  each 
of  which  is  used  in  conjunction  with  a  common  ground  zero.  The  ground-zero 
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Figure  33. 1.  Fair  Site  Showing  Typical  Tether  Operations  with  the  Mark  II 
Winch  on  the  Right  and  the  AFCRL  Winch  on  the  Trailer  at  Left 
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position  incorporates  both  a  20-inch  and  30-inch  diameter  sheave.  Between  the 
two  sheaves  is  located  a  ground  handling  winch  capable  of  handling  30.  000  lbs  at 
speeds  of  approximately  20  feet  per  minute.  The  purpose  of  this  winch  is  to  facili¬ 
tate  the  ground  handling  of  the  balloon  and  payload.  Located  at  ground  zero  are 
inner  and  outer  anchor  points.  The  inner  anchor  points  are  used  to  secure  a  cable 
system  forming  a  pyramid  used  to  moor  barrage  balloons.  It  is  possible  to  moor 
a  barrage  balloon  on  this  pyramid  in  winds  up  to  25-30  knots.  In  winds  in  excess 
of  30  knots,  the  balloon  will  be  moored  on  a  heavy  steel  cable  approximately  100 
feet  above  the  ground. 

The  outer  anchor  points  are  used  in  the  initial  handling  of  the  balloon.  During 
balloon  inflation,  it  is  important  that  the  nose  of  the  balloon  heads  directly  into  the 
wind.  Placement  of  the  outer  anchor  points  have  been  made  to  permit  ten  different 
directions.  These  directions  will  permit  alignment  of  the  balloon  within  18°  of  any 
given  wind  direction.  The  ground  handling  winches  have  been  positioned  in  such  a 
manner  that  only  four  will  be  required  to  operate  the  system. 

This  site  has  been  designed  to  handle  a  wide  variety  of  tethered  balloon  sys¬ 
tems.  The  AFCRL  mobile  winch  on  the  left  is  capable  of  loads  up  to  4,000  pounds 
at  speeds  of  approximately  300  feet  per  minute.  The  winch  is  capable  of  speeds 
up  to  1, 000  feet  per  minute  at  reduced  loads  in  the  range  of  a  1,  000  pounds.  Hie 
winch  has  been  designed  to  handle  cable  sizes  of  1/ 18-inch  diameter  to  3/8-inch 
diameter.  The  unique  level  wind  provided  by  Otis  Engineering  Corporation  can 
accommodate  cable  sizes  from  1/8 -inch  to  3/8-inch  diameter  without  changing 
drums  or  level  wind  systems.  The  cable  is  stowed  on  a  drum  at  tensions  between 
150  to  300  pounds  coming  directly  off  the  traction  drive.  The  instrument  pad  is 
used  to  measure  the  cable  spued,  footage  and  load  at  ground  zero.  Reading  at 
sheave  is  provided  with  approximately  1  percent  accuracy  of  the  full  scale  readings. 
The  AFCRL  winch  positioned  in  Figure  33.  1  illustrates  the  use  of  a  mobile  winch 
in  a  permanent  site  configuration.  The  winch  can  also  be  used  remotely  where 
the  balloon  can  be  flown  directly  from  the  winch  at  any  location. 

Depicted  on  the  right  is  the  Mark  II  Winch.  This  winch  will  be  permanently 
located  at  the  Fair  Site  and  ha?  been  specifically  designed  for  use  at  this  facility. 
The  winch  is  capable  of  oootreUed  speeds  up  to  1, 000  feet  per  minute  and  loads  of 
30, 000  pounds.  Mr.  Turner  of  Otis  Engineering  Corporation  will  discuss  the 
operational  characteristics  of  the  Mark  II  Winch  with  you  in  greater  detail. 

33.3  MARK  II  BALLOON  TETHER  WINCH 

Otis  Engineering  Corporation,  a  Halliburton  Company,  was  awarded  the  con¬ 
tract  to  develop  and  manufacture  the  Mark  II  Balloon  Tether  Winch  in  early  1969. 


The  performance  specifications  established  the  following  requirements: 

(1)  Line  pull  capabilities  of  30, 000  pounds  maximum  at  a  maximum  speed  of 
200  feet  per  minute. 

(2)  Line  pull  capabilities  of  6, 000  pounds  at  line  speeds  of  1, 000  feet  per 
minute. 

(3)  Variable  speed  control  in  each  of  the  above  modes. 

(4)  Fail-safe  brake  system. 

(5)  Interchangeable  sheave  and  capstan  shoes. 

(6)  Drum  capacity  to  30,  000  feet  of  l/2-inch  diameter  line. 

(7)  The  capability  of  accommodating  line  sizes  from  3/8-inch  through  3/4- 
inch  diameter. 

(8)  Level  wind  system  capable  of  storing  these  line  sizes  uniformly  on  the 
stowage  drum  and  adjustable  for  3/8-inch  through  3/4-inch  with  l/16-inch  variation 
in  diameter. 

(9)  Instrumentation  consists  of  a  line  load  measuring  device,  line  footage 
counting  device,  line  speed  and  direction  measuring  device. 

(10)  Other  instruments  included  those  items  necessary  to  monitor  the  operation 
of  the  power  source  and  the  hydraulic  drive  system. 

The  design  was,  then,  predicated  around  five  major  components:  (1)  the  main 
capstan  pulling  unit,  (2)  the  main  power  source,  (3)  the  stowage  drum,  (4)  control 
house,  and  (5)  the  ground-zero  fairlead  sheaves  and  ground  handling  winch. 

The  main  capstan  assembly  (Figure 
33. 2)  consists  of  two  30-inch  pitch  dia¬ 
meter  multi-grooved  sheaves  with  inter¬ 
changeable  shoes  attached  to  the  outer 
periphery  of  the  main  sheave  wheels. 

The  interchangeable  shoes  are  coated 
with  polyurethane  to  provide  a  resilient 
surface  for  the  line  to  bear  on.  The 
shoes  are  provided  with  six  grooves  to 
obtain  the  necessary  Motion  to  provide 
line  pulls  up  to  30, 000  pounds  without 
the  line  slipping  in  the  grooves. 

The  capstan  unit  contains  a  weight- 
indicating  sheave  which  provides  a 
change  in  direction  of  the  high-load  line 
leaving  the  capstan.  This  change  in 
direction  of  the  high-load  line  leaving 
the  capstan  provides  s  point  where  the 


Figure  33. 2.  Main  Capstan  Drive 
Showing  the  Hydraulic  Input  Side 
with  Gear  Boxes 


resultant  forces  can  be  utilised  to  measure  the  tension  in  the  line.  The  exit  point 


from  the  capstan  measuring  sheave  to  the  fairlead  sheave  is  made  with  no  reverse 
bends  in  the  line.  The  weight-measuring  sheave  is  positioned  in  the  near  center 
of  a  large  yoke  and  is  free  to  rotate  about  its  center  axle.  The  yoke  is  pivoted  at 
the  lower  end;  line  tension  at  the  sheave  produces  a  moment,  exerting  a  force  on 
the  load  cell  at  the  upper  end  of  the  yoke.  The  hydraulic  load-cell  pressure,  re¬ 
sulting  from  the  force  applied,  is  monitored  by  one  of  two  pressure  gauges.  One 
is  calibrated  to  read  0  to  30, 000  pounds  and  one  is  calibrated  to  read  0  to  10. 00c 
pounds.  The  direct-reading  gauges  are  calibrated  from  the  resultant  of  the  line 
tension  and  the  included  angle. 

The  line  speed  and  counting  device  is  also  attached  to  the  main  capstan  and 
measures  the  speed  in  feet  per  minute  of  the  line  when  inhauling  or  outhauling.  It 
also  measures  the  length  of  line  payed  out  or  pulled  in. 

The  capstan  is  provided  with  a  two-phase  input  power  system.  The  high-speed 
phase  is  accomplished  through  an  axial  piston  hydraulic  motor,  which  supplies 
torque  through  a  planetary-gear  transmission  directly  into  the  lower  capstan  shaft. 
The  low -speed,  high-torque  phase  is  provided  by  an  axial  piston  hydraulic  motor, 
applying  torque  directly  into  a  planetary-gear  transmission  and  auxiliary  drive 
shaft.  The  auxiliary  shaft  applies  torque  through  an  air  clutch  to  the  upper  capstan 
shaft  through  a  chain  reduction,  which  is  sized  to  provide  necessary  torque  for 
line  pulls  up  to  30. 000  pounds.  The  sprocket  pinion  from  the  auxiliary  shaft  is 
attached  to  the  air  brake,  providing  the  fail-safe  brake  system. 

The  power  unit,  located  adjacent  to  the  main  capstan  drive  opposite  the  con¬ 
trol  house,  utilizes  an  8V7 1  series  diesel  engine  with  a  horsepower  capability  of 
280  at  2 100  rpm  (Figure  33. 3).  The  stationary  power  unit  is  provided  with  its  own 
cooing  system  and  electric  starting  system. 

The  engine  is  used  to  power  an  11-cubic-inch.  axial  piston,  pressure  com¬ 
pensated.  variable  volume,  hudraullc  pump  coupled  to  the  flywheel.  A  5. 77-cublc- 
Inch,  variable  volume,  pressure  compensated,  vane  type  hydraulic  pump  is  direct- 
coupled  to  the  engine  cam  shaft  drive.  The  engine  is  also  equipped  with  an  air 
compressor,  an  air  storage  tank,  and  a  300-gallon  fuel  tank  mounted  on  a  separate 
skid  adjacent  to  the  engine. 

All  engine  controls  and  instruments,  including  the  air  throttle  control,  are 
located  in  die  operator's  control  house. 

The  third,  and  an  important  part  of  the  Mark  11  balloon-tether  winch  is  the 
stowage  drum  assembly  (Figure  33. 4).  The  frame  of  the  assembly  1*  sited  to  ac¬ 
commodate  stowage  drums  with  capacities  of  30,000  feet  of  1/2  -inch  tether  cable. 
The  destgn  is  such  that  the  drums  are  interchangeable,  and  can  be  manufactured 
to  accommodate  various  line  lengths  and  sixes.  The  winch  is  provided  with  two 
drums  -  one  for  20, 000  feet  of  5/ 8 -Inch  Nolaro  cable  and  one  for  12, 000  feet  of 
3/ 8- Inch  steel  cable. 
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Figure  33.3.  Mark  II  Balloon  Tether  Figure  33. 4.  3/8"  Stowage  Drum 

Winch  Showing  Control  House,  Stow¬ 
age  Drum,  Main  Capstan  Drive  and 
Power  Unit 


The  power  to  rotate  the  drum  is  provided  by  a  high-torque  gear  motor  and 
chain  drive  to  the  drum  shaft.  The  hydraulic  fluid  for  the  gear  motor  is  furnished 
by  the  vane-type,  pressure-compensated  pump,  mounted  on  the  engine  cam-shaft 
drive.  This  pressure  can  be  regulated  to  produce  line  tensions  from  200  to  600 
pounds. 

The  design  is  such  that  the  stowage  drum  is  always  rotating  in  a  direction  to 
wind  the  line  on  the  drum.  In  the  outnauling  phase,  the  capstan  must  overcome 
this  small  tension  and  rotate  the  drum  against  the  power  applied  to  pull  the  line 
from  the  drum.  This  prevents  overrunning  of  the  drum  when  stopped. 

In  front  of  the  stowage  drum  is  the  level  wind  assembly.  The  large  30-inch 
sheave  traverses  along  its  guide  system,  parallel  to  the  face  of  the  drum.  Power 
to  traverse  this  sheave  is  furnished  by  a  hydraulic  Tol-O-Matic  cylinder,  located 
just  beneath  the  sheave  support  members.  The  direction  of  movement  of  the  Tol- 
O-Matic  cylinder  is  controlled  by  a  servo  valve  attached  to  the  sensing  arm, 
located  adjacent  and  tangent  to  the  level  wind  sheave.  The  servo  valve  positions 
the  level  wind  assembly  by  measuring  the  angle  between  the  drum  axis  and  the 
cable  being  spooled  on  the  drum.  As  the  line  falls  next  to  its  adjacent  wrap,  a 
slight  angle  is  formed  between  the  line  and  the  drum  axis.  This  angle  is  sensed  by 
the  sensing  arm,  actuating  the  servo  valve,  directing  the  fluid  to  the  side  of  the 
cylinder  necessary  to  move  the  sheave,  providing  a  near  perpendicular  angle  be¬ 
tween  the  drum  and  the  line. 

The  nerve  center  of  the  Mark  II  balloon  tether  winch  is  the  operator's  control 
house,  (Figure  3...  5).  All  winch-operating  functions  are  performed  from  the 
control  console  located  inside  the  house.  The  main  3peed  control  and  direction 
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panel  (Figure  33.  C),  and  is  of  a  cam 

Figure  33.  5.  Control  House  design.  having  a  15;1  ratio  at  the 

starting  mode,  reducing  the  ratio  to 

1:1  in  the  extended  positions.  This  type  control  offers  very  sensitive  operation  in 
the  starting  phases. 

The  high-  and  low -drive  phase  selector  is  also  located  on  the  control  console 
and  is  a  hydraulic  valve  used  to  actuate  pilots  on  the  main  control  valves  mounted 
on  the  capstan  skid.  Various  engine  instruments  are  located  on  the  left  side  of  the 
console,  along  with  the  start  and  stop  buttons.  The  tension-monitoring  gauge  and 
the  line  counters  are  located  near  the  geometric  center  of  the  panel,  so  that  the 
operator  has  both  gauges  in  his  field  of  vision.  The  remote  line-pull  adjustment 
handle  is  located  on  this  panel  and  is  graduated  to  indicate  the  line  pulls  desired 
within  certain  limits.  Finite  line-tension  adjustments  are  made  with  the  winch 
operating. 

The  high-tension  and  low-tension  alarm  horn  is  mounted  on  the  house  and  has 
a  back-up  system  of  lights  on  the  panel.  The  operator  can  turn  off  the  alarm; 
however,  the  light  remains  on  until  the  cause  is  corrected.  Another  control  light 
is  provided  to  indicate  when  system  pressure  has  reached  the  setting  of  the  pres¬ 
sure  compensator.  This  light  indicates  the  maximum  line  pull  is  being  obtained 
for  the  pressure  range  established. 

There  are  two  hydraulic  systems  on  the  Mark  II  balloon  tether  winch  (Figure 
33.  7).  The  main  system  provides  power  for  the  capstan  drives  and  is  a  closed- 
loop  hydrostatic  transmission.  The  pump  is  a  variable-volume,  pressure- 
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Figure  33.  ?.  Hydraulic  Circuit 


compensated,  axial-piston  type.  The  pump  is  capable  of  delivering  fluid  in  both 
directions.  The  fluid  from  the  pump  is  directed  to  the  desired  motor  through  a 
pilot-operated,  selector  valve.  Two  of  these  valves  are  provided  -  one  for  the 
high-speed  drive  and  one  for  the  low -speed  drive.  The  actuator  control  valve 
utilized  to  position  the  selector  valve  also  actuates  an  air  valve,  engaging  the  air 
clutch  for  that  particular  drive  phase. 

The  other  hydraulic  system  powers  the  drum  drive  and  the  level -wind  system. 
The  cam  shaft  drives  a  vane  type,  pressure -compensated  pump,  supplying  fluid 
directly  to  the  drum  drive  motor.  This  system  is  automatic  and  requires  no  opera¬ 
tor  control.  A  portion  of  the  secondary-system  fluid  is  used  to  power  the  level 
wind  system.  The  secondary  hydraulic  system  also  furnishes  pilot  pressure  for 
manipulating  the  clutch  and  brake  air  valveB.  The  air  brake  control  is  integrated 
with  the  speed  and  direction  control  handle,  such  that  when  the  handle  is  in  the 
center,  or  Btop  position,  the  brake  is  automatically  applied.  The  other  brake  valves 
are  utilized  as  fail-safe  actuators  in  the  event  of  failure  in  the  secondary  or  pri¬ 
mary  hydraulic  system. 


The  ground  handling  equipment  pro¬ 
vided  with  the  Mark  II  Balloon  Tether 
Winch  is  a  30,000-pound  fairlead  sheave 
assembly  (Figure  33. 8),  designed  to 
allow  the  line  to  leave  the  sheave  in  a 
360°  angle  in  the  horizontal  plane  and 
0°  to  90°  in  the  vertical  plane.  A  small 
ground -handling  winch,  capable  of  exer¬ 
ting  pulls  to  30, 000  pounds,  and  its 
electric  hydraulic  power  unit  are  located 
in  the  cellar,  adjacent  to  the  fairlead 
sheave  assembly. 

In  the  line  trough,  near  the  ground 
zero  point,  a  line  clamping  device  is 
located  to  stop  and  hold  the  line  in  the 
event  of  an  emergency.  This  clamping 
device  is  actuated  by  a  control  in  the 
operator's  control  house.  The  line 
clamp  is  supported  by  a  lineal  decelera¬ 
ting  shock  absorber  system  to  absorb 
the  load  on  the  line,  reducing  its  speed  gradually  to  prevent  shock  loading  on  the 
cable. 


Figure  33. 8.  Fairlead  Assembly 


33.3  SUMMARY 

The  Mark  II  Balloon  Tether  Winch  is  designed  and  manufactured  as  a  research 
tool.  Interchangeability  of  capstan  and  sheave  shoes,  as  well  as  the  Btowage  drums, 
permits  operations  to  use  different  kinds  and  sizes  of  tether  lines.  The  ability  to 
mold  other  resilient  materials  to  the  shoes  expands  the  scope  of  this  winch  to  tether 
cables  not  yet  developed.  The  arrangement  of  components  on  site  will  allow  other 
stowage  drums  to  be  added  along  either  side  of  the  cable  trough.  These  additional 
stowage  capabilities  can  be  accomplished  with  a  minimum  expenditure  of  time  and 
monies.  The  flexibility  of  this  system  and  its  adaptability  to  future  concepts  will 
prolong  the  useful  life  of  tnls  winch  system. 
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34.  New  French  Tethered  Balloons  of 
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Abstract 


After  a  short  historical  review  of  French  aerodynamically-shap  hered 
balloons  (balloon  with  ballonet,  Caquot's  type  (1915),  and  dilatable  b»  ., 
Letourneur's  type  (1925),  the  different  steps  in  the  resumption  of  use  oi  ~uch  bal¬ 
loons  in  France,  which  began  in  1 962,  are  presented  (all  materials  having  been 
completely  destroyed  during  the  Second  World  War).  New-type  requirements  for 
heavy  payloads  have  led  to  the  development  of  operational  balloons  of  several 
thousand  cubic  meters  capacity  by  1966,  followed  by  others  of  yet  larger  volume. 

A  brief  description  of  the  balloons  used  is  given.  Each  has  a  soft  expendable 
hull  of  three-to-one  fineness  ratio,  with  three  tail-fins  in  "Y"  configuration 
equally  spaced  and  air  inflated,  as  well  as  accessory  equipments. 

After  manufacture,  these  balloons  are  indoor-inflated  with  air  to  test  gas 
tightness,  and  afterwards  with  hydrogen  in  order  to  make  various  adjustments. 

The  use  of  large  quantities  of  hydrogen,  together  with  synthetic  fabrics  (ma¬ 
terial  highly  electr  if  table)  requires  unusual  safety  techniques  to  make  the  balloons 
as  safe  as  possible. 

Fitting  of  accessory  apparatus  and  hydrogen  inflation  are  carried  out  on 
special  areas  made  of  concrete.  This  allows  easy  handling  of  the  balloon  with 
the  help  of  two  winches  and  many  pulleys,  aided  by  the  numerous  handling  ropes 
attached  all  along  the  hull. 
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In  field  operation  the  balloons  are  constantly  controlled,  and  great  care  is 
taken  because  of  their  vulnerability  to  bad  weather  and  to  aging  of  their  structural 
materials.  Two  methods  of  anchorage  are  used:  (1)  tightly  pulled  down  to  the 
ground  on  the  inflation  areas,  or  (2)  in  flight,  at  low  altitude,  tethered  by  a  single 
cable. 

Throughout  the  paper,  special  emphasis  is  given  to  incidents  which  happened 
during  the  numerous  test-series  in  France  and  abroad. 


34.1  INTRODUCTION 

During  the  First  World  War,  tethered  balloons  were  widely  used  as  posts  for 
observation  of  enemy  lines. 

This  type  of  equipment  gave  such  good  service  to  the  Allies  that  it  was 
religiously  preserved  in  France,  where  it  was  still  in  operation  at  the  beginning  of 
the  Second  World  War.  Tethered  balloons  were,  naturally,  jood  targets  for  the 
German  Air  Force,  who  shot  down  a  great  number;  the  remainder  were  afterwards 
completely  destroyed  or  looted  by  the  invaders. 

When  the  use  of  captive  balloons  was  again  necessary  in  France,  practically 
nothing  was  left  of  the  past  glory  of  military  aerostatics. 

Tribute  must  be  paid  at  this  point  to  some  former  balloon  specialists  (Forichon 
et  al,  and  Caquot  private  communications),  who  started  valiantly  to  work,  and  to 
some  small  wartime  balloons  rescued  from  a  surplus  dump.  The  revival  of 
tethered  balloons  was  thus  possible  in  our  country. 

Resumption  began  in  1962,  at  Chambaran  (Isere)  where,  with  balloons  20  years 
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old  and  of  90  to  550  and  1, 000  m  capacity,  we  elaborated  the  handling  techniques 
and  again  invested  the  accessory  apparatus  (hydrogen  inflation,  anchorage,  winches, 
pulleys,  cables,  valves,  etc. )  taking  into  account  new-type  requirements.  In 
1964,  an  experimental  balloon  of  1, 500  m  capacity,  manufactured  by  Societe 
Aeraxur  (Forichon  et  al)  permitted  the  continuation  of  our  efforts.  Numerous  test- 
series  were  then  made,  either  on  land  or  on  sea,  for  the  development  of  both  the 
new  balloon  and  its  auxiliary  apparatus. 

This  balloon  soon  proved  to  be  satisfactory,  and  served  as  a  model  for  those 
of  larger  capacity  which  followed  (4,000,  6,500,  10,000  and  14,000  m  ). 

34.2  NEW  FRENCH  TETHERED  BALLOONS  OF  LARGE  VOLUME 

For  the  construction  of  soft  captive  balloons,  two  techniques  are  used: 

(1)  balloon  with  ballonet,  BB-Caquot's  type  (1915),  and  (2)  dilatable  balloon, 
BD-Letourneur  (1926).  The  advantages  of  the  latter  (Jouglard,  1933), 
constant  buoyancy  lift,  constant  center  of  buoyancy  and  constant  gas  mass,  have 
led  to  its  choice. 


34.2.1  Description  of  an  Aerazur  Balloon 

Figures  34. 1(  34.  2,  and  34.  3  show  schemes  of  a  typical  balloon,  and  a 
description  of  the  parts  called  out  in  these  figures  is  given  in  the  Legend  for 
Figures  34.  1,  34.  2,  and  34.  3  [parts  (1. 1)  through  (1.  27),  (2. 1)  through  (2.  8) , 

(3. 1)  through  (3. 11),  and  (4. 1)  through  (4.  8)].  Although  in  the  course  of  develop¬ 
ment  during  the  last  six  years,  the  technique  of  manufacture  has  changed  some¬ 
what  in  order  to  meet  new  requirements,  balloons  designed  and  constructed  by 
Societe  Aerazur  of  Paris  (Forichon  et  al)  have  the  following  characteristics  in 
common: 

The  hull  (1),  having  the  theoretical  shape  of  two  half-ellipsoids  joined  at  the 
maximum  diameter,  is  made  of  single-length  gore  fabric  bonded  with  adhesive  and 
seamed. 

The  fineness  ratio  L/D  is  in  the  range  3. 1  to  3.  2.  Two  extensible  gores 

(1. 4)  and  (1.  5)  with  bellows  and  elastic  ropes,  situated  at  the  lower  part  on  the 

right  and  the  left  sides,  permit  extension  which  is  completed  when  pressure  in 

the  hull  P  is  about  3. 5  mb  (measured  near  the  hull  bottom), 
c 

The  introduction  of  gas  is  effected  by  means  of  two  valves,  one  for  high  in¬ 
flation  flow  rate  (1. 16)  and  the  other  for  refloat  inflation  (1.19)  at  lower  flow  rate. 
In  case  of  accidental  escape  of  the  balloon,  a  calibrated  relief  valve  (1.  21)  avoids 
a  possible  hull  burst  while  a  device  (1.  24)  situated  at  the  highest  point  and 
electrically  monitored  by  a  barocontact  adjusted  for  a  given  altitude,  insures 
rapid  emptying. 

Remarks:  The  classical  rip  panel  formerly  utilized  has  been  finally 

discarded  because  of  possible  gas  leaks  caused  by  defective  sealing. 

The  tail-fins,  consisting  of  soft  air-inflated  longitudinal  ribs  are  equally 
spaced  in  "Y"  configuration,  the  lower  one  being  vertical;  they  communicate  with 
each  other  by  a  duct  (1.14)  and  are  removable.  The  constant  pressure  of  8  mb 
maintained  automatically  by  an  electrical  blower  (3.  4)  [with  a  standby  ejection 
pump  (3. 10)]  gives  them  the  necessary  rigidity  which  combined  with  the  action  of 
cross-bracings  and  guy  ropes  (made  of  nylon)  permitB  maintenance  of  normal 
shape.  During  ascent,  one  or  several  calibrated  relief  valves  (3.  9)  limit  this 
pressure  to  the  initial  value. 

The  double  fan-shaped  harness  comprises  flexible  metal  cables  (either  having 
or  not  pulley-blocks)  attached  to  the  hull  by  gussets  of  reinforced  fabric  in  the 
shape  of  goose  feet,  and  joined  at  a  point  by  a  V-shaped  piece  from  which  the  main 
mooring  cable  starts.  This  harness  is  adjusted  so  as  to  give  to  the  longitudinal 
hull  axis  a  positive  incidence  of  8°  at  sero  wind  speed. 

Balloon  handling  on  the  ground  (inflation  and  anchorage)  are  made  possible  by 
means  of  a  large  number  of  nylon  handling  ropes  attached  all  along  the  hull  by  the 
help  of  glued  gussets  (1. 7). 
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Figure  34. 1.  Dilatable  ARZ  Balloon  (Side  View) 


Legends  for  Figures  34, 1,  34. 3.  and  34. 3 


1  HULL 

Hull  gore 
Bow  also 
Stern  disc 

Right  extensible  gore 
Lett  extensible  gore 
Fin  attachment 
Handling  guy  gusset 
Handling  guy 
Harness  cable  gusset 
Fin  guyline  gusset 
Upper  bracing 
Right  lateral  bracing 
Lett  lateral  bracing 
Tail-fins  duct 
Duet  link 


I  HULL  (Ctond. ) 

Inflation  valve 
Purity  and  pressure  teat 
Inflation  sleeve  and  man  hole 
Refloat  valve 
Refloat  hose 
Relief  valve 
Fin  air  relief  valve 
Emptying  hole 
Rapid -emptying  valve 
Electrical  cable  for  rapid- 
emptying  valve 
Dilation  gauge  band 
Scale  for  in-flight  pressure 
measurement 


(D  (D  <5>  (D  (D  <5>  ©  $>© 
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Figure  34.  2.  Dilatable  ARZ  Balloon  (Side  View) 
Legends  for  Figures  34. 1,  34. 3,  and  34. 3  (Contd. ) 


2  RIGHT  LATERAL  FIN 

2. 1  Salmon  (fin  extremity) 

2. 2  Deflating  sleeve 

2. 3  Pressure  teat 

2. 4  Lower  bracing 

2. 5  Upper  bracing 

2. 6  Bracing  gueaet 

2. 7  Bracing  patch 

2.8  Fin  attachment 

S  LOWER  FIN 

3.1  Salmon 

3. 2  Inflation  sleeve 

3.3  Pressure  teat 

3. 4  Right  lateral  bracing 

3. 5  Left  lateral  bracing 


3  LOWER  FIN  (Contd. ) 

3. 6  Bracing  gusset 

3. 7  Bracing  patch 
3.  8  Fin  attachment 
3.  9  Air  relief  valve 

3. 10  Air  ejection  pump 

3. 11  Electrical  blower 

4  LEFT  LATERAL  FIN 

4. 1  Salmon 

4. 2  Deflating  sleeve 

4. 3  Pressure  teat 

4. 4  Lower  bracing 

4. 8  Upper  bracing 
4. 8  Bracing  gusset 
4. 7  Bracing  patch 
4. 6  Fin  attachment 


(D(D(D 


Figure  34. 3.  Dilatable  ARZ  Balloon  (Slant) 

14.11  Kate  CWartwiMlw  •(  «  ARZ  leilaae 

By  way  of  example,  bare  art  aomt  charactarittica  of  an  ARZ  balloon  of 
8, 800  rt8  capacity: 

(1)  Hull 

(a)  Length:  L  •  58  m 

(b)  Maximum  diamatar:  D  ■  18  m 

(c)  Capacity:  Pc  ■  3. 9  mb,  7, 400  m8 
to)  Capacity:  Pt*l  mb,  6. 880  m8 
(a)  Angla  of  incidence:  i  •  *8° 

(f)  Number  of  gorea:  81 
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(2)  Tail-fins 

4 

(a)  Volume  of  one  fin:  380  m  ,  length  18  m,  height  15  m,  area  of  one 
side  175  m2. 

(b)  Total  weight  of  the  balloon  fully  equipped  ■  2, 300  daN  (deka  Newton). 

(3)  Residual  lift  force  under  the  V-shaped  piece,  at  sea  level  and  25°C, 
hydrogen  inflated,  zero  wind  speed,  RLF  :  4, 800  daN. 

34.2.3  Aemdyaaaic  Coefficient* 


Figure  34. 4  shows  the  aerodynamic 
coefficients:  drag  C  ,  lift  C_  ■  f(i),  and 
yawing-moment  -  f (j)  resulting  from 
wind  tunnel  measurements  on  a  rigid 
model  made  of  wood  at  scale  1/60.  Wind 
speeds  have  reached  28  m/aec.  Curve  1 
corresponds  to  hull  with  fins,  curve  2 
to  hull  along;  i  and  j  are,  respectively, 
angle  of  incidence  and  yaw  angle.  The 
high  values  of  the  ratij  C %IC%  may  be 
noticed;  an  important  extra  lift-force 
due  to  wind  speed  is  added  to  the  buoy- 


34.  S.4  Patriae 

The  fabrics  used  are  synthetic  ma¬ 
terials  offering  great  mechanical  strength 


Figure  34. 4.  Aerodynamic  Coefficients. 
(1)  Ball  with  tail  fins,  and  (2)  hull  without 
tall  fine 


430 


together  with  high  hydrogen  tightness.  They  consist  of  a  substrate  of  single  or 
double  nylon  coated  on  the  outside  by  yellow  urethane,  and  on  the  inside  by  neo¬ 


prene. 

Here  are  some  characteristics:  ^ 

Hull  Tail-fins 

2 

Mass  g/m  380  280 

Dead  load  strength  daN/5  cm  2S0  150 

Hydrogen  permeability  i/m2-24  h  3  5 


Note:  Mechanical  strength  warp  and  fill  are  not  very  different; 
the  above  figures  correspond  to  the  average. 

In  marine  tropical  climates,  fabrics  and  adhesive  bonds  age  very  rapidly. 
Removal  of  the  urethane  coating  occurs  in  the  laboratory  at  70°C  temperature 
and  90  percent  relative  humidity.  The  utilization  of  these  synthetic  fabrics, 
instead  of  cotton  or  silk,  introduces  a  new  danger  when  hydrogen  is  used  because 
of  their  high  capacity  for  electrostatic  charge.  Fortunately,  the  surface  electri¬ 
cal  resistivity  decreases  rapidly  when  the  atmospheric  humidity  increases. 

Let  us  note  that  the  daily  hydrogen  losses  for  our  balloonB  are  of  the  order 
of  1/100  of  their  volume.  Gas  refilling  is  thus  necessary  every  3  or  4  dayB,  in 
order  to  maintain  the  hull  pressure  at  a  sufficient  value. 


34.3  HANDLING  OPERATIONS 

34.3.1  Isflalioa  sad  Anchorage  Area  (Ftpra  34.5) 

Note:  The  parts  called  out  in  Figure  34. 5  are  given  in  the  Legend  for 
Figure  34.5,  parts  (1)  through  (12). 

After  manufacture,  balloons  are  first  indoor  air-inflated  (hull  and  tail-fins), 
for  a  general  inspection  and  then  they  are  inflated  with  gas  in  order  to  adjust  the 
harness  and  accessory  equipment. 

This  operation,  initially  carried  out  with  some  difficulty  outdoors,  is  now 
easily  made  under  an  old  dirigible  shed,  which  offers  the  necessary  space. 
Balloons  thus  leave  fully  tested,  with  the  accessory  apparatus  well  adjusted,  and 
are  then  ready  for  service  on  a  remote  site,  to  which  they  are  transported  in  a 
special  packing  under  a  dry  atmosphere. 

The  areas  where  inflation  and  anchorage  are  carried  out.  oriented  in  the 
direction  of  the  prevailing  wind,  are  made  of  concrete  with  a  smooth  surface. 
They  have  three  winches,  a  central  one  (1)  permitting  ascent,  and  two  lateral 
ones  (6)  permitting  anchorage  on  the  ground. 


Legend  for  Figure  34.  5 


1.  Central  winch 

2.  Central  winch  cable 

3.  Fairlead 

4.  Fairlead  hole 

5.  Harness 

6.  Lateral  winches 

7.  Anchorage  cables 


8.  Handling  line  pulleys 

9.  Handling  lines 

10.  Anti* roll  anchorage 

ropes 

11.  Safety  mooring  cable 

for  lateral  winch 

1 2.  Safety  mooring  cable 

for  central  winch 


Balloon  handling  is  made  easier  by  the  great  number  of  nylon  guy  lines  (9) 
attached  all  along  the  hull  and  joined  on  each  side  with  the  help  of  cables  to  a  point 
from  which  starts  the  cable  of  the  corresponding  lateral  winch,  each  of  them 
passing  first  round  a  pulley  block  (8).  When  the  wind  does  not  blow  in  the  direc¬ 
tion  of  the  area  axis,  this  technique  permits  bringing  in  the  balloon  from  positions 
up  to  90°  of  the  axis.  Walls  to  provide  wind-breaks  arranged  around  the  area 
make  inflation  possible,  even  at  wind  speeds  greater  than  10  ml  sec. 

Ground  anchorage  of  the  balloon  in  the  event  of  bad  weather,  or  for  repair, 
is  thus  made  easy.  The  tail-fins  are  then  deflated  and  moored  tightly,  and  all 
necessary  safety-measures  can  be  taken.  However,  in  strong  cross  winds,  tail- 
fins  and  hull  can  suffer.  Such  an  anchorage  has  stood  well,  however,  against 
cross  winds  of  speeds  greater  than  30  ml  sec. ,  during  an  entire  night  under  heavy 
rain. 


34.3.2  Safety  Problems  Related  to  the  Use  of  Hydrogen 

The  hydrogen  used  has  a  purity  greater  than  89.  6  percent,  and  is  contained 
in  cylinders  under  a  pressure  of  200  bars.  It  is  introduced  into  the  hull  through 
the  inflation  valve  (1. 16,  Figure  34.  2)  (also  see  Figure  34.  6)  after  having  been 
depressurized  to  pressure  slightly  above  atmospheric  pressure.  The  flow  rate 
is  5,000  to  10,000  STP  m3/h,  and  the  desired  hull  pressure  is  2  mb  (at  the 
bottom).  The  inflation  operation  is  delicate  because  of:  (1 )  fire  risk,  and 
(2)  possible  wind  action.  Operations  are  not  carried  out  if  the  wind  speed  exceeds 
10  m/sec  with  the  wind-break  walls,  and  7. 5  ml  sec,  without  them.  Knowing  that 
hydrogen  is  Inflammable  in  air  at  a  very  low  ignition  energy  (10"5  Joule)  within 
the  limits  of  4  to  74  percent,  detonating  from  18  to  59  percent,  the  classical 
principles  of  safety  have  been  strictly  applied:  (1)  avoid  inflammable  or  detonating 
mixtures,  and  (2)  eliminate  ignition  sources. 

All  metal  parts  of  the  area  are  electrically  connected  and  grounded.  Great 
care  is  taken  to  maintain  a  high  atmospheric  humidity  by  constant  watering  of 
known  dangerous  places,  in  order  to  eliminate  electrostatic  charges  which  could 


Figure  34. 6.  Inflation  of  an  ARZ  Balloon  with  Hydrogen 

be  generated  on  synthetic  fabrics.  The  crew  wear  asbestos  clothes  and  work  under 
the  careful  supervision  of  firemen. 

In  spite  of  these  precautions,  an  accident  did  occur  during  a  balloon  inflation, 

q 

and  4, 000  STP  m  of  hydrogen  burned  within  about  ten  seconds.  Thanks  to  rapid 
gas  diffusion  upwards,  injury  to  personnel  was  fortunately  light. 

As  laboratory  experiments  have  shown,  the  fire  risks  due  to  a  small  hydrogen 
leak  on  the  hull  are  relatively  small  (Guizouarn  and  Perroud,  1963). 

During  operation,  the  purity  of  the  hydrogen  in  the  hull  is  frequently  checked 
with  the  help  of  a  conductivity-type  apparatus. 

34.3.3  Balloon  Ascent  (Figure  34.7) 

Note:  The  parts  called  out  in  Figure  34.  7  are  given  in  the  Legend 
for  Figure  34.  7,  parts  (1)  through  (12). 

The  balloon  prepared  in  this  way  on  the  inflation  area  is  transported  on  to 
the  launching  site  by  a  special  truck,  having  on  its  rear  end  a  winch  and  a  fair- 
lead  permitting  ascent  to  low  altitude.  In  the  case  of  marine  launching  sites,  the 
truck  and  its  aerial  load  are  embarked  on  to  a  flat  bottomed  landing  craft  (French 
Navy  type  LCT).  The  transshipment  is  made  on  to  the  main  barge  (see  Figure  34.  7). 


Figure  34. 7.  Flying  the  Balloon  on  a  Tripod  of  Cables 


1.  Balloon 

2.  Main  tethering  cable 

3.  Positioning  cable 

4.  Main  barge 

5.  Positioning  barges 

6.  Oscillatory  fairlead 


7.  Cable  tensiometer 

8.  Capstan  of  main  winch 

9.  Drum  for  cable  storage 

10.  Oscillatory  fairlead 

1 1 .  Cable  tensiometer 

12.  Positioning  winch 


Although  very  practical  in  a  calm  sea,  this  method  of  transport  can  become  dan¬ 
gerous  in  a  heavy  sea,  by  reason  of  the  whiplashes  given  to  the  cable  by  the  action 
of  the  waves,  or,  more  so,  by  wind  action  which  increases  the  drag  on  the  boat. 

When  a  fixed  position  in  space  is  required,  it  is  necessary  to  make  use  of  a 
regular  tripod  of  cables  (see  Figure  34. 7).  The  vertices  of  the  equilateral 
triangle  on  the  sea  are  then  provided  by  barges  (4)  and  (5),  moored  to  the  bottom 
in  shallow  water  and  each  carrying  a  winch.  The  main  barge  (4)  and  its  winch 
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serve  for  attachment  and  raising  of  the  gondola  and  for  placing  the  balloon  on 
standby  in  the  air,  and  the  secondary  winches  for  positioning.  The  winches  used 
have  each  a  capstan  (8)  and  a  storage  drum  (9).  An  electric  motor  gives  a 
constant  speed  of  0,  3  m/sec  to  the  cable.  The  fairleads  (6)  and  (10)  are  able  to 
oscillate  about  a  longitudinal  axis,  and  are  designed  so  that  it  is  practically  im¬ 
possible  for  the  cable  to  leave  the  pulley.  Made  up  from  twisted  wires  of  special, 
high-tensile  steel  (200  daN/mm  ),  the  main  tether  cable  (2)  and  the  positioning 
tether  cables  (3)  work  respectively  at  1/3  and  1/2  the  rupture  limit  under  the 
most  unfavorable  case  for  normal  conditions.  The  cable  tension  at  ground  level 
is  continuously  measured  by  a  three-pulley  tensiometer. 


34.4  PERFORMANCE  IN  FLIGHT 


In  flight,  the  following  parameters  are  transmitted  to  the  ground  and  re¬ 
corded:  (1)  hull  and  fins  pressure,  (2)  speed  and  direction  of  wind  relative  to 
balloon,  and  (3)  warning  of  malfunction  of  one  of  the  systems  for  refloating  the 
fins  (pressurizers). 

The  behaviour  in  flight  is  related  to  the  aerodynamic  characteristics  of  the 
balloon  and  to  the  forces  applied  to  it.  Addition  of  a  tail  parachute  in  certain 
cases  improves  the  stability  of  the  balloon  in  a  wind. 

34.4.1  Flight  on  a  Single  Cable  (Figure  34.8) 

This  configuration  is  most  often  used  while  the  balloon  is  'bn  standby"  in  the 
air.  Thus,  a  balloon  tethered  by  a  150  m  cable  can  undergo,  without  too  much 
strain  or  hazard,  winds  of  up  to  20  m/sec  (lateral  displacements  reaching  40  m). 
Beyond  that  point,  sideways  drift  of  the  balloon  is  so  great  that  it  can  turn  acrosB 
the  wind.  The  hull  then  curves  in  the  form  of  a  banana,  the  fins  are  deformed, 
and  the  aerodynamic  qualities  of  the  balloon  are  lost. 

It  can  either  remain  in  this  position  at  low  altitude,  exercising  a  very  strong 
force  on  its  cable,  which  then  makes  a  low  angle  with  the  horizontal,  or  it  can 
continue  its  fall  until  it  hits  ground  and  is  wrecked. 

The  good  behaviour  of  a  balloon  in  flight  depends  strongly  on  wind  character¬ 
istics.  In  this  respect,  sudden  changes  in  wind  direction  prove  to  be  much  more 
harmful  than  rapid  changes  in  wind  speed. 

34.4.2  Flyiag  oo  a  Tripod  of  Cables 

The  stability  of  a  tripod  formed  by  three  cables  depends  on  the  forces 
acting  at  the  triple-point.  The  stability  limit  of  this  tripod,  which  also  depends 
on  the  relative  direction  of  the  wind,  is  reached  when  one  of  the  cables  makes  a 
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Figure  34.  8.  Dilatable  Balloon  ARZ  in  Flight  at  Wind  Speed  of  lOm/aec 

zero  tangential  angle  with  the  horizontal  at  ita  point  of  anchorage.  After  that, 
it  is  impossible  to  bring  the  triple-point  to  the  summit  of  the  imaginary  regular 
tetrahedron  by  pulling  on  the  cables. 

For  the  balloons  which  have  been  used,  we  have  calculated  the  limits  of 
stability.  The  result  of  such  a  calculation  is  given  in  Figure  34.  8.  This  diagram 
deals  with  a  specific  tripod  (altitude  of  the  triple-point  H  ■  600  m,  diameter  and 
weight  of  cables  being  known).  It  allows  the  critical  wind  speed  Vc,  as  a  function 
of  its  direction,  and  the  vertical  force  Fv  applied  to  the  summit  of  the  three 
cables  to  be  determined.  (Here  the  wind  is  defined  as  the  direction  of  its  force. ) 
For  example,  if  the  wind  direction  is  70°  and  the  force  Fv  is  4. 6  104  Newton, 
the  limit  of  stability  of  this  tripod  will  be  reached  for  a  wind  of  12  m/sec  ■  Vc. 

The  horizontal  displacements  of  the  triple-point  around  the  xero-polnt  are 
equal  to  0. 075  H  in  the  critical  conditions  of  wind.  For  wind  speeds  lower  than 
the  critical  value  the  displacements  are,  of  course,  less. 

The  variations  in  altitude  of  the  triple-point  are  in  the  neighbourhood  of  one- 
quarter  of  the  above-quoted  values. 

For  wind  speeds  above  the  critical  value,  the  cables  extend  and  contract 
alternately,  and  the  sudden  tensile  forces  thus  set  up  in  the  cables  can  reach 
then  rupture  limits,  setting  free  the  balloon  with  its  load. 


MAIN  TETHERING  CABLE 
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Figure  34.  9.  Limits  of  Stability  of  a  Tripod.  Altitude  H  *  600  m. 
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It  may  also  be  noted  that  the  stability  of  the  tripod  has  a  direct  effect  on  that 
of  the  balloon  itaelf,  the  sideslip  being  limited  if  the  tripod  is  stable. 

Finally,  test-series  for  measurements  of  flight  parameters  have  been  car¬ 
ried  out.  but  analysis  of  the  results  has  proven  to  be  delicate,  by  reason  of  the 
Interdependence  of  these  parameters. 


34.  S.  CONCLUSION 

Requirements  of  a  new  type  have  permitted  France,  cradle  of  Aerostatics, 
to  undertake  during  the  last  six  years  the  development  of  tethered  balloons  of 
large  volume.  These  balloons,  having  an  expandable  hull  and  carefully  manu¬ 
factured  by  Soci4t4  Aerasur  of  Paris  (Fori chon  et  al),  have  shown  outstanding 
performances  in  wind  speeds  up  to  35  m/sec. 

Inflation  with  hydrogen  has  been  possible,  in  spite  of  the  use  of  synthetic 
fabrics  (material  highly  electrifiable).  aa  a  result  of  the  inflation  techniques  we 
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have  developed.  Nevertheless,  a  potential  danger  still  remains  which  should 
always  be  kept  in  mind.  Therefore  whenever  it  is  possible,  helium  must  be 
preferred. 

Accessory  apparatus,  handling  equipment  and  handling  techniques  tested  out 
during  the  numerous  test-series  in  France  and  abroad,  are  now  entirely  satis¬ 
factory. 


In  memoriam:  M.  Pierre  Leroy  (1893-1969),  recently  deceased, 
spent  more  than  fifty  years  of  his  creative  genius  in  the  service  of 
French  Aeronautics.  He  was  Instrumental  in  manufacture  of  the  balloons 
at  Society  Aerazur  of  Paris,  of  which  he  was  Technical  Director. 
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35.  A  Simplified  Mathematical  Model 
lor  the  Motion  of  a  Tethered  Kite 
Balloon:  Stability  Criteria 

J.M.  Debels 
CMMiisssiiet )  I’Eaeigie  Atoaiqee 
71 .  ViliecoeMey  Air,  France 


Abstract 


Some  simplifying  assumptions  and  noticing  properties  of  streamlined  balloons 
lead  us  to  a  system  of  three  equations  with  second  degree  derivatives,  which  is 
valid  only  tor  small  motions.  Predicting  large  motions  needs  the  use  of  computing 
machines  and  a  complete  system  of  equations.  Nevertheless  the  simplified  model 
ts  adequate  to  derive  stability  criteria  of  the  balloon.  These  criteria  provide 
important  relations  between  mechanical  and  Aerodynamic  parameters. 


ss.1  omooumoN 

This  study  has  been  done  in  order  to  give  some  evidence  of  the  importance  of 
some  balloon  paraaetere;  especially,  critical  wind  speed,  mooring  altitude,  lateral 
lift  coefficient,  and  rotational  damping  coefficient. 

The  model  is  simplified.  The  kite  has  been  assumed  to  be  rigid,  weight  of  the 
kite-wire  negligible,  and  plane  motions  (constant  altitude,  constant  pitch,  negligible 
roll).  All  the  aerodynamic  parameters  (lateral  force  and  moment)  are  supposed  to 
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be  linear  functions  of  yaw  angle  <t>0.  The  strain  due  to  the  kite-wire  is  supposed  to 
be  proportional  to  angle  a  between  cable  and  the  vertical  plane  containing  wind 
vector  V. 

All  these  assumptions  are  valid  for  small  motions. 


JS.J  SYMBOLS  AND  DEFINITIONS 


SS.J.I  Properties  of  Stroonlioed  Balloooe 

L  Length  of  the  kite -wire 

M  Total  mass:  balloon,  payload,  additional  mass  of  air 

I  Total  inertia  momentum ,  relative  to  the  gravity  center  G 

4  Distance  between  verticals  of  mooring  point  A  and  gravity  center  G 

V  Wind  speed 

Cx.Cy.Cc  Aerodynamic  forces  coefficients:  drag,  lateral  lift,  vertical  lift. 
Hie  axis  system  is  relative  to  the  wind. 

Fx.Fy,Fs  Correspondent  forces.  Related  to  their  coefficients  by  relations 
as  the  following  one: 

Fy "  cy  *  T 

where  p  is  air  density,  and  S  the  main  cross  section  of  the  balloon. 
Ct  Aerodynamic  torque  coefficient  relative  to  the  vertical  of  point  A. 

Mn  Moment  of  the  torque.  H  being  the  balloon  length: 

“n-C„HpS 

4  Projection  on  the  horizontal  plane  of  the  yaw  angle 

•  Angle  of  the  kite-wire  relative  to  the  vertical  plans  containing 

wind  vector  V 


*v 


Kite-wire  tension.  IAm  to  bouyaney  and  aerodynamic  vertical  lift 
plus  drag 


Derivative  of  Fy  force  relative  to  angle  ♦: 

•  F 

'*•  n1 


Derivative  of  the  moment  Mg  relative  to  angle  #: 
m 


R^  Rotation  damping  coefficient  relative  to  the  gravity  center  G. 

We  supposed  first  that  kite-balloon  notion  was  plane  (4  and  a  supposed  to  be 
small).  Some  aerodynamic  considerations  lead  us  to  assume  this  motion  linear. 

if  yaw  angle  increases  from  0°  to  10°C,  the  Cx  increment  is  0. 1  (0.  3  to  0.4) 
when  Cy  increases  from  0. 0  to  0. 8  (see  Figure  35. 1). 

The  balloon  being  initially  in  equilibrium  with  a  yaw  angle  of  0°.  a  crosswind 
nonequilibrated  force  Fy  will  appear,  and  point  A  will  move  along  Cy  axis.  The 
kite-wire  will  provide  a  strain  nr  Fv  (see  Figure  35. 2),  which  is  oriented  along 
axis  Oy. 

Thus  die  motion  can  be  described  with  angles  a  and  4  only. 


1M  EQUATIONS  OF  THE  MOTION 

If  the  balloon  moves  with  a  speed  v,  wind  speed  being  V.  the  aerodynamic 
forces  will  be  due  to  relative  wind  vector  \T  -  7.  Ibis  vector  has  a  angle  with 
the  balloon  axis  (apparent  yaw  angle).  Let  us  now  examine  the  forces  and  torques 
system  relative  to  gravity  center  G. 

Forces  are: 


Torques  are: 

-Mn  +  «(Fy-aFv) 


■  •  •  % 

This  second  torque  la  the  damping  torque;  due  to  rotation  speed  -  <  Wind 

dt  o'*  ' 

tunnel  tests  and  theoretical  calculations  shewed, that  g  te  a  linear  function  of  -gp. 
Thus  we  shall  write: 


/  d^0\  rj  d*o 

s\"arj  * Rf,  sr 


The  following  equations  describe  the  forces  and  torques  system  relative  to 
point  G; 


ML  55-  ••Fa  +  F,*„  +  M6 
Ji2  V  9  O 


+  M6  O 


h2,  Q* 

1  "  \Fv“ +  FA)4  -Vo  ■  V"ar 


A  ^  to  +  6  d* 

v  V  dt  V  dt 


35.4  LAPLACE  TRANSFORM  OF  THE  SYSTEM 

The  initial  assumptions  we  did  lead  us  to  have 

F*  '  -  .  ■ 

M* 

which  are  the  derivatives  relative  to  *  of 

Fy 

Mn 

as  constants.  Thus,  the  former  system  of  mechanical  equations  can  be  treated  by 
LAPLACE  transform: 

a  becomes  Yj 
*  becomes  y2 
♦o  becomes  73 


As  we  need  to  derive  criteria  stability,  we  will  suppose  wind  vector  V  to  be 
constant  and  the  balloon  in  initial  equilibrium,  a,  4,  and  their  first  and  second 
orde?  derivatives  relative  to  the  time  are  zero  for  time  zero. 

Such  LAPLACE  transform  can  be  written  as: 


1 0  «  7j  [-  MLs2  -  Fv]  +  y2  M6s2  +  y3 


?m* l  [-6Fv]+  >2  [-1»2]  +  >3[6F*-M*- V] 
G’rl[‘|-8J  +*2[1+|5]-Y3 


These  equations  give  a  stable  mechanical  system  if  the  roots  of  their  coeffi¬ 
cients  determinant  have  positive  real  parts.  Developing  this  determinant  A  gives 
a  fourth  degree  expression: 

4  3  2 

A  *  a  s  +  a,  s  +a,a  +  a,  s  +  a . 

O  1  l  &  4  . 


ao“  1 


R,  F 

li '  -r +  h 


*2  HE 


I  +  M62  r 

— - —  +  +  6F^ 


F,  /  R,  CM.  A 

*W+T^)- 


FvM* 

\  ■  "mr 


35.5  STABILITY  CRITERIA 


Respect  of  the  former  condition  is  given  by  ROUTH  criteria.  The  three  follow¬ 
ing  conditions  must  be  true: 


(1)  a^,  a  a2>  Sg,  a^  ^  0 


ft,.  ft« 

(2)  a,  -  -4-1  >  0 
1  al 
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In  fact,  m«chatiicai_parsnij?ter8  are  such  that  opiy  'the  teruv-Mg  can  he  negative 
due  to  the  expression  ^  \  ..  '  , 


This  expression  represents  the  elope  bi  aerodynamic  momentum  torque  curve 
relative  to  the  gravity  center,  mijored  of  the  tei5®  5FX.  11118  slope  would  be  posi¬ 
tive  if  JJie  aerodynamic  transyeraal  force  was  located  behind  gravity  center.  Any- 
way  we  can  conclude  that  drag  increases  stability.  ..’ 

,  The  second  condition  is  more  restraining. than  the  first  one  ij  damping  coeffi¬ 
cient  R$  or  torque  momentum  coefficient  {relative  to  the  mooring  point}  are  too 
'important.'’ 

The  third  condition  assigns  a  minimum  altitude  of  stability. 


316  CONtWJSIONS  ... 

For  a  given  altitude,  classical  balloons  have  a  critical  wind  speed.  Even  with 
streamlined  wind,  they  move  in  a  crossw Lad  direction.  At  the  same  altitude, 
homotetical  balloons  have  a  critical  wind  speed  proportional  to  the  volume  square 
root. 

Fcr  a  given  wind  speed,  classical  balloons  have  two  critical  altitudes  of 
stability.  If  a  balloon  has  a  considerable  kite  effect  or  aerodynamic  resultant 
behikd  gravity  center,  it  will  have  only  a  minimum  height  of  stability  and  no  critical 
speed. 

Some  other  conclusions  are  surprising.  For  instance,  drag  always  has  an 
improving  effect.  Thus.  Crude-Section  fins  (like  Caquot  fins  for  instance)  are 
mors  efficient  than  streamlined  ones  of  the  same  shape.  And  streamlined  hulls, 
class  C-viike  can  be  more  difficult  to  stabilize  than  cruder  oneB. 

lastly,  to  stabilize  balloons  it  is  necessary  to  have  fins  providing  an  important 
torque.  less  lateral  lift,  much  vertical  lift. 

Thus  vertical  fins  must  be  small,  in  a  very  rear  position.  Horizontal  fins 
must  be  largb  in  a  middle  position.  This  is  possible,  as  far  as  vertical  fins  are 
concerned,  if  the  balloon  is  small.  Upon  large  ships  such  fins  would  bend  the  hull. 

One  of  the  solutions  we  experimented  successfully  with  was  to  fit  a  parachute 
upon  the  upper  fins.  This  device  increased  drag  and  provided  a  damping  coefficient 
ten  times  higher.  Critical  wind  speed  was  thus  raised.  Over  critical  speed,  the 
movement  amplitude  was  reduced  by  damping. 
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36.  New  Techniques  and  Developments 
in  Meterological  Balloons 

M.  Sharenow 
Atmosphtfic  Sciences  Laboratory 
USAECOM,  Fort  Monmouth,  Now  Jortoy 


36.1  INTRODUCTION 

During  the  past  few  years,  studies  and  investigations  have  been  pursued  to 
meet  both  the  existing  requirements  of  the  Army  and  to  explore  new  techniques 
and  developments  in  order  to  improve  the  performance  of  meteorological  balloons. 
The  most  recent  studies,  devoted  to  the  coating  of  neoprene  balloons  with  various 
materials,  have  two  basic  goals:  (1)  increasing  the  bursting  altitudes  under  arctic 
nighttime  conditions,  and  (2)  increasing  ascent  rates  in  generrJL 

36.2  DISCUSSION 
36.2.1  Metallising 

Under  the  first  category,  attempts  were  made  to  change  the  radiative  and  ab¬ 
sorptive  properties  of  a  balloon  by  applying  a  thin,  metallic  coating  in  the  expecta¬ 
tion  of  keeping  the  balloon  at  a  warmer  than  ambient  temperature.  Materials  in¬ 
vestigated  were  aluminum,  magnesium,  and  nickel,  with  the  greater  stress  on 
aluminum.  This  paper  will  discuss  aluminizing  only. 
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Aluminum  powder  is  dispersed  by  either  spraying  or  brushing  on  a  neoprene 
adhesive.  The  solvents  used  in  the  preparation  of  the  adhesive  cause  the  vulcan¬ 
ized  neoprene  to  swell  and  to  reduce  its  tensile  strength.  Howe  »  er,  this  effect 
disappears  upon  evaporation  of  the  solvent,  unless  the  film  has  been  under  stress 
while  in  contact  with  the  solvent.  For  example,  if  application  was  made  to  an 
expanded  film,  permanent  distortion  or  rupture  could  occur. 

36.2.2  Infrared  Tests 

Infrared  absorption  tests  were  carried  out  on  small,  standard,  black,  and 
aluminized  films  prior  to  any  flight  tests.  It  was  found  that  the  temperatures 
inside  the  black  balloon  and  an  expanded  aluminized  balloon  were  warmer  than 
the  temperature  inside  a  standard  balloon,  presumably  as  the  result  of  a  green¬ 
house  effect  in  the  aluminized  balloon  (Morel  et  al,  1968). 

Daytime  and  nighttime  flight  tests  were  made  at  Belmar.  N.  J. ,  with  tempera¬ 
ture  elements  inside  both  aluminized  balloons  and  control  balloons,  and  the  day¬ 
time  comparisons  exhibited  quite  large  differences,  the  temperatures  inside  the 
aluminized  balloons  being  greater  in  varying  amounts  depending  on  altitude  by  as 
much  as  30°C  and  as  little  as  2°C.  At  night,  the  differences  were  small  -  the 
temperatures  inside  the  aluminized  balloons  were  a  couple  of  degrees  warmer  up 
to  about  30, 000  feet,  then  they  were  either  the  same  or  a  couple  of  degrees  cooler 
than  the  control  balloons  at  greater  altitudes.  This  pattern  was  reversed  on  one 
pair  where  the  nighttime  balloon  was  aluminized  only  on  the  top  half.  There  were 
five  sets  of  flights  where  temperatures  were  measured  inside. 

36.2.3  Arctic  Tests 

A  number  of  balloons  were  flown  during  the  arctic  winter  night  at  Thule, 
Greenland.  The  first  set  was  flown  in  February  1969  and  another  set  in  December 
1969,  and  January  1970.  The  balloons  fabricated  in  February  1969  were  early 
models  and  were  thicker-walled,  shorter  balloons  weighing  1 200  grams  and  ap¬ 
proximately  80  inches  long.  The  models  for  the  December  1 969  -  January  1 970 
flights  were  1400-1600  grams  and  were  110  Inches  long.  These  balloons  were  not 
intended  to  be  100,000-foot  balloons  when  uninflated.  Control  balloons  were  flown 
with  each  of  the  aluminized  balloons  in  February  1969. 

Fifteen  pairs  of  balloons  were  flown  in  February  1969.  It  was  determined 
from  the  usable  data  (Table  36. 1)  that  aluminized  balloons  performed  better  in 
altitude  by  2  to  1,  and  in  rate  of  rise  by  4  to  1,  the  altitude  differences  varying 
from  4000  to  30, 000  feet,  and  the  rate  of  rise  differences  from  zero  to  as  much 
as  250  ft/ min  faster.  Since  all  the  balloons  were  not  flown  under  identical  condi¬ 
tions  of  complete  darkness,  the  results  can  be  considered  only  as  being  qualitative¬ 
ly  correct. 
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Table  36. 1.  Aluminized  Balloons,  February  1969 


BURST  ALTITUDE  (feet) 

RATE  OF  RISE  (ft/ min) 

ALUMINIZED 

CONTROL 

ALUMINIZED 

CONTROL 

(feet) 

TIME 

(feet) 

TIME 

64,429 

Twi 

Edge 

53,  366 

N 

1,273 

1,093 

53,312 

57,254 

D 

74,787 

D 

Edge 

1,215 

1,056 

Twi 

61,027 

N 

1,090 

1,  218 

80, 000 

D 

56,  539 

N 

1,320 

1,079 

76,752 

D 

56,319 

Twi 

1,220 

1,246 

51,766 

91,997 

Twi 

N 

*  Edge 

53,  222 

N 

1,187 

1,124 

Twi 

55,351 

Twi 

1,383 

1, 112 

84,709 

*  Twi 

54,  921 

Twi 

1,248 

1,343 

81,516 

Edge 

Twi 

Edge 

Twi 

71.591 

N 

1,208 

1,067 

84,672 

63,802 

Twi 

1,321 

1,011 

48, 674 

N 

52,795 

N 

1,232 

1,242 

72.047 

Edge 

Twi 

55,072 

Twi 

1,362 

1,252 

*1/2  Aluminized  (top) 
Twi  *  Twilight 
N  -  Night 
D  ■  Day 


The  second  set  of  balloons  flown  in  December  1969,  and  January  1970,  all 
performed  under  complete  darkness.  Unfortunately,  no  control  balloons  were 
flown  with  the  second  set.  Five  of  the  balloons  flown  in  December  1969  were 
aluminized,  ML-537  type  (100.000  ft).  These  did  not  perform  well  (Table  36.  2). 
Minimum  temperatures  were  as  low  as  -73°C.  Nine  other  aluminized,  all-zone 
type,  ML-607  non-standard  balloons  were  flown  in  January  1970.  These  performed 
better.  However,  the  minimum  temperatures  had  warmed  up  substantially  by  early 
January,  1970;  therefore,  no  conclusions  could  be  drawn. 

The  ascent  rates  of  the  all-zone  aluminized  balloons  are  considered  good  in 
spite  of  the  fact  that  they  were  underinflated  by  about  300  gms.  Immediately  fol¬ 
lowing  the  flights  of  the  all-zone,  aluminized  balloons  (1-5  January  1970),  a  series 
of  all-zone,  non-aluminized  balloons  (Table  36.3)  were  flown  (6-13  January  1970). 
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Table  38.  2.  Aluminized  Balloons,  December  1989 


BALLOON  TYPE 

ALTITUDE  (ft) 

RATE  OF  RISE 
\  (ft/ min) 

NOZZLE  LIFT 

ML-537 

83,133 

951 

2600  grams 

5*9,  964 

919 

tl 

59,285 

886 

ft 

67,864 

935 

tl 

60,  922 

919 

II 

January  1- 

5  1970 

All  Zone  Type 

(ML-807) 

79, 754 

1,066 

It 

99,259 

998 

It 

94,472 

1,098 

It 

100,600 

940 

It 

102,110 

935 

II 

97,738 

1,122 

II 

104,170 

994 

II 

■SSh 

1,030 

II 

— 

1,010 

II 

Table  36. 3.  All  Zone  Non -Aluminized  Balloons,  6-13  January  1970 
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The  minimum  temperatures  encountered  on  these  flights  were  very  similar  to 
those  encountered  on  the  flights  of  the  aluminized  ones.  The  aluminized  balloons 
were  superior  to  the  untreated  balloons,  in  both  bursting  altitude  and  ascent  rate. 

*  Seven  of  the  balloons  exceeded  90. 000  feet,  compared  to  five  of  the  twelve  un¬ 

treated  balloons.  Also,  seven  of  the  nine  aluminized  balloons  were  near  or  greater 
than  1000  feet  per  minute  oompared  to  three  out  of  twelve  for  the  untreated  bal¬ 
loons,  this  in  spite  of  the  fact  that  the  untreated  balloons  had  more  free  lift  on 
most  flights. 

36.2.4  Tbensoplutic  Coating 

In  attempts  to  incorporate  several  desirable  properties  into  a  balloon  film, 
materials  can  either  be  incorporated  into  a  compound  or  laminated  to  an  existing 
film.  Kraton,  a  thermoplastic  elastomer  produced  by  Shell  Oil  Corp. ,  has  shown 
promise  both  when  blended  with  neoprene  compounds  and  when  laminated  with 
them.  Attempts  to  produce  balloons  from  Kraton  alone  by  solution-dipping  have 
not  proven  successful. 

Some  results  of  the  lamination  technique  with  Kraton  being  sprayed  or  brushed 
on  are  now  available.  The  most  pronounced  effect  of  coating  with  Kraton  is  to  in¬ 
crease  the  differential  pressure  of  a  balloon.  The  first  tests  were  made  on  100-gm 
balloons  in  which  the  differential  pressure  was  nearly  doubled  Initially  and  re¬ 
mained  well  above  that  for  an  untreated  balloon  during  inflation  to  burst.  The 
differential-pressure  increase  was  not  so  marked  on  larger  balloons. 

There  is  good  indication  that  improvement  in  ascent  rate  is  occurring  in  the 

•  larger  balloons  as  a  result  of  the  Kraton  coating.  A  balloon  with  higher  internal 
pressure  tends  to  deform  less  during  ascent  ani  has  a  better  aerodynamic  shape 
as  a  result.  The  smaller  balloons  are  less  affected  by  this  effect;  for  example, 
normally  inflated,  100-gm  balloons  have  a  fairly  high  differential  pressure.  As 
the  balloon  else  increases  for  a  given  compound,  the  effect  should  be  more 
beneficial. 

Results  of  flights  with  Kraton-coated,  300-gm  balloons  are  given  in  Table 
38. 4.  These  balloons  were  coated  on  the  inside,  resulting  in  an  increase  in  bal¬ 
loon  weight  of  about  28-30  percent.  Initial  balloon  weights  were  240-270  gms  and 
increased  to  320-388  gms.  Ascent  rates  of  the  coated  balloons  exceeded  those  of 
the  control  balloons  in  fire  of  the  six  flights  by  from  20  to  188  feet  per  minute. 

The  coated  balloons  did  not  reach  as  high  altitudes,  however.  Kraton  is  attacked 
by  osone  •  thus  in  some  instances  it  might  be  more  desirable  to  use  it  on  the 
inside  of  a  balloon. 

*  Balloons  were  also  fabricated  in  the  1400  gm  (Table  38. 81  weight  range,  of 
which  200-300  gms  represented  the  Kraton.  These  balloons  were  essentially  the 
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Table  36. 4.  Kraton- coated  Balloor.a,  300  gm  Balloon 
(1400  gm  free  lift  (F.  L. )  except  oje  at  900  gm  F.  L. ) 


BURSTING  ALTITUDE 
(feet) 

RATE  OF  RISE 
(to  common  alt) 

Time 

Kraton 

Control 

Kraton 

Control 

Night 

46.400 

56,400 

1.255 

1.094 

Night 

50,400 

51.000 

1,072 

1.052 

Night 

43,400 

46,000 

1.142 

1,090 

Night 

47.300 

49,200 

1,000 

1.168 

Day 

58,700 

61,300 

1.210 

1.044 

Day 

66.000 

71.700 

965 

930 

Table  36. 5.  Kraton- coated  Balloons  (1400  gm  -  All  Day) 


BURSTING  ALTITUDE  (feet) 

RATE  OF  RISE  (to  common  alt) 

Kraton 

Control 

Free  Lifttgm) 

Kraton 

Control 

99.800  * 

• 

4.000 

1.414 

108.510  * 

110.931 

2.680 

1,396 

1.173 

94.485  * 

103,800 

2.700 

1,199 

1,096 

100.000  * 

«• 

2.700 

1,347 

• 

76,600  ** 

115.633 

1.600 

1.146 

921 

96.600** 

• 

2.700 

1.380 

45.650  ** 

100.146 

2.700 

1.237 

928 

101.963  ** 

80.400 

3,000 

1,366 

1,020 

102,000  ** 

108,200 

2.900 

1.267 

1,317 

*  Coated  inside 
*•  Coated  ootside 


itL-537  type,  the  standard  110,000  foot  balloon.  Flight  tests  ware  conducted  on 
10  samples  using  ML-837  as  oontrols  on  sons  of  tfas  flights.  Free  lifts  varied 
from  1600  to  4000  gms.  At  the  higher  Ires  lifts,  inflation  of  ML-837  was  diffieelt 
sines  the  balloon  is  made  of  a  low  modslas  film  and  stretched  so  as  to  become 
very  elongated.  Lasaohlng  was  also  djfgcolt  in  all  bid  the  lightest  brssse.  How¬ 
ever,  no  probleat  was  ■nooanursrt  is  Inflating  sad  lasaddag  the  Kraton  balloons. 
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Overall,  the  Kraton-coated  balloons  rose  faster  than  the  control  balloons  by  speeds 
from  70  to  350  ft/min.  (Comparisons  were  available  for  6  of  the  10  balloons).  Most 
of  the  flights  were  about  200  ft/min  faster.  Half  of  the  Kraton  balloons  were  Kraton- 
coated  on  the  inside,  half  on  the  outside. 

While  no  attempt  was  made  to  fly  these  Kraton-coated  balloons  in  pairs,  the 
balloons  coated  on  the  inside  appear  to  do  better  on  both  altitude  and  ascent  rate 
than  those  coated  on  the  outside.  As  indicated  above,  Kraton  is  attacked  by  ozone. 
Perhaps  this  has  some  effect  in  producing  the  difference  in  altitude  and  ascent  rate, 
although  more  data  would  be  required  to  evaluate  this  factor.  Also,  an  analysis  is 
required  of  the  altitude  regions  of  flight  where  the  Kraton  coating  tends  to  improve 
the  ascent  rate. 

36.2.5  SebclHl  Valeria]* 

As  a  result  of  studying  recent  literature  (Davies  and  Rideal,  1 963;  and  Inter¬ 
facial  Circulation. . . .  1966)  on  the  effects  of  some  surfactant  materials  on  reducing 
evaporation  from  bodies  of  water  and  other  surface  phenomena,  it  was  decided  to 
investigate  the  effects  of  certain  coatings  on  balloons.  The  evaporation  theory 
(Davies  and  Rideal,  1963;  and  Interfacial  Circulation. . . .  1966)  was  that  turbulent 
diffusion  was  responsible  for  the  loss  of  water  and  that  the  use  of  a  surfactant  re¬ 
duced  this  effect.  Flow  patterns  in  the  vicinity  of  the  air-water  interface  were  af¬ 
fected  by  a  layer  of  cetyl  alcohol  (hsxadecanol)  on  the  water.  By  analogy,  it  was 
thought  that  air  flow  at  the  air-balloon  interface  might  be  changed  similarly. 

A  series  of  experiments  were  conducted  indoors  using  30-gram  pilot  balloons 
with  weights  in  their  necks,  and  allowing  them  to  oscillate  from  the  ceiling  like  a 
pendulum.  Time  and  distance  of  travel  were  noted' for  1-1/2  swings  for  untreated 
balloons  and  controls,  followed  by  tests  on  the  same  balloons  treated  with  various 
materials;  that  is,  hsxadecanol.  corn  starch,  graphite  (all  applied  both  wet  and 
dry).  Tide  (wet),  floor  wax,  glycerine  and  ethylene  glycol.  The  only  two  mate¬ 
rials  showing  significant  differences  were  wet  corn  starch  and  wet  graphite.  Bal¬ 
loons  treated  with  these  materials  moved  consistently  through  a  longer  path  than 
control  balloons  in  the  seme  time  interval. 

Seven  pairs  of  flights  were  made  to  evaluate  effects  on  a  group  of  150-gram 
balloons  carrying  radiosondes  aloft  Of  these,  four  pairs  were  tested  to  deter¬ 
mine  effects  of  corn  starch,  the  other  three  to  determine  effects  of  graphite.  The 
balloons  were  treated  generally  by  immersing  them  in  a  solution  or  mixture  of  corn 
starch  and  water,  or  graphite  and  water.  After  inflation  and  Just  prior  to  launch, 
the  balloons  were  agate  sprayed,  or  the  solution  applied  by  using  cheesecloth  soaked 
in  test  solution.  Results  i  re  shown  in  Table  36, 6.  All  three  graphite-coated  bal¬ 
loons  performed  better  ttea  their  controls.  However,  in  tee  case  of  tbs  corn¬ 
starch-treated  balloons,  it  was  a  tte;  two  were  better  and  two  worse  than  their 
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Keeping  the  balloons  moist  during  »t  least  A  part  of  the  flight  may  be  aprob- 
lem.  The  corn-starch-coated  balloons  appear  to  dry  more  rapidly  than  the 
graphite-coated  ones.  Also,  the  flights  were  made  in  the  summer  A  problem 
might  arise  when  the  surface  temperatures  are  below  freezing,  More  data  are 
needed  to  evaluate  the  materials  more  reliably,  and  larger  size  balloons  or  larger 
inflations  are  required  to  cover  a  wider  raiigd  of  Reynolds  numbers.  Also,  other 
materials  which  do  not  freeze  or  evaporate  so  rapidly  might  be  investigated. 

36.3.6  Modification  of  Streaniioe  Neoprene  Balloons  ■  *  \ 

Attaching  a  semi-conical  neoprene  tail  to  a  spherical  neoprene  balloon  in¬ 
creases  its  ascent  rate  from  approximately  1000  to  1700  feet  per  minute.  This 
type  of  balloon,  in  standard  use  by  the  Army  for  flights  to  75, 000  feet  in  the  day-  . 
time,  is  known  as  Balloon  ML-541.  As  the  balloon  rises  and  inflates,  the  tail  is 
drawn  up  until  at  about  50, 000  feet  it  becomes  essentially  a  spherical  balloon  at 
double  its  initial  diameter.  : 

During  an  inflation  test  with  air,  at  a  balloon  plant,  it  was  nrted  that  the 
lower  2  feet  of  the  tail  would  not  inflate  and  be  drawn  up  on  the  spherical  balloon. 
(The  neck  of  the  tail  balloon  is  tied  off  since  previous  tests  with  the  neck  open  did 
not  provide  any  improvement  in  ascent  rate  over  a  balloon  with  a  tied  tail  neck. ) 
When  two  1  inch  vertical  slits  were  cut  in  the  tail  right  above  its  neck,  the  entire 
tail  would  be  drawn  up  onto  the  spherical  balloon  as  it  inflated,  thus  allowing  for 
complete  use  of  the  streamlining  effect.  Another  bauetit  was  visualized  as  a 
result  of  the  slitting.  It  was  felt  that  us  the  balloon  approached  50, 000  feet,  the 
stresses  on  the  tall  would  force  it  to  split  where  the  slits  were  placed.  Once  a- 
neoprene  balloon  tall  starts  to  tear,  it  generally  tears  rapidly,  large  section^  of 
it  ripping  off.  This  would  increase  the  free  lift  of  the  balloon  above  50, 000  feet, 
where  the  tail  is  no  longer  of  any  benefit. 

As  a  result,  a  series  of  flights  were  made  starting  out  at  the  free  lift  normally 
employed  with  this  balloon  -  2500  gms.  Later  this  was  varied  to  include  other 
free  lifts.  At  the  2500-gm  free  lift,  significant  increases  in  ascent  rate  were 
noted  above  that  of  control  balloons  having  no  slits.  (Table  36.  7».  Even  though 
in  numerous  instances  the  neck  ripped  off  the  tail  at  launch  (the  train  line  goes 
through  the  tail  neck  to  an  inner  neck  on  the  spherical  balloon),  performance  was 
still  better  than  that  of  the  control  balloon  in  each  of  the  nine  pairs  of  flights.  In 
one  case,  the  slit-tail  balloons  rose  by  more  than  300  feet  per  minute  faster  than 
the  control  balloons. 

Another  series  of  flights  was  made  at  3, 500  gm  free  lift,  but  the  results 
showed  no  improvement.  This  is  possibly  due  to  the  fact  that  the  greater  the 
inflation,  the  lower  in  altitude  the  slit  will  rip.  It  is  believed  that  the  slitting 


Table  36. 7.  Streamlined  Balloons, 
(Two  slits  near  tail  neck)  2500  gm  Free  Lift 


BURSTING  ALTITUDE 
(feet) 


SUt  Tail 


79. 700 

77.400 

83. 800 
82,500 

74.400 

78.800 
81,250 

79, 100 

83.700 


Control 


83,350 

76,550 

84,400 

78. 300 
75, 800 

80. 300 
82, S00 


RATE  OF  RISE  (ft/ min) 


Slit  Tail  Control 


1.775 

1,887 

1,976 

1,950 

1.797 

1,884 

1,751 


SLITS  AT  MIDTAIL 


63, 800 
54, 875 


1,766 

1,820 


740 

686 

620 

813 


1,747 

1,712 

1,718 


Table  38.  8,  Streamlined  Balloons 
(with  two  slits  in  tail)  3500  gm  Free  Lift 


BURSTING  ALTITUDE 
(feet) 

- - —r-J 

RATE  OF  RISE  (ft/min)  j 

! 

Slit  Tail 

Control 

Slit  Tail 

Control 

71,000 

81,000 

2,052 

1,858 

86,450 

78.700 

1.860 

1,892 

50,890*,** 

72,000 

1,621 

1,853 

72,500* 

76,550 

1,898 

1,963 

71,000* 

72,000 

1,802 

1,837 

81,600* 

78,500 

1,858 

1,813 

76,000 

73,000 

1,818 

1,751 

74. 100 

57,000 

1,760 

1,932 

77,500 

82,200 

2,013 

1,724 

*  Slits  midway  up  tail 

**  Hole  tied  off 


technique  will  have  applicability  to  the  development  of  higher-altitude,  fast-rise 
balloons  currently  being  initiated. 

34.2.7  New  Fabric*  lioe  Tec  battue 

Streamline  neoprene  balloons,  type  ML- 541,  are  more  cumbersome  and  time- 
consuming  to  manufacture  than  spherical  balloons.  Generally,  the  streamline  bal¬ 
loon  involves  the  manufacture  of  two  spherical  balloons  and  cementing  or  gel¬ 
adhering  of  one  balloon  to  a  semi-conical  section  of  the  other.  Considerable  space 
and  rigging  are  required  for  these  processes. 

A  new  technique  has  been  conceived  and  is  being  tried  on  an  experimental 
basis.  It  consists  of  dipping  the  form  into  a  coagulant  and  then  into  a  tank  of  latex 
to  form  the  spherical  or  top  balloon.  The  form  and  gel  are  then  dipped  into  a 
second  coagulant  to  exactly  two-thirds  of  the  fluted  section  of  the  form.  It  is  then 
withdrawn  and  dipped  into  a  tank  of  latex  to  a  depth  of  two  inches  above  the  depth 
of  the  second  coagulant.  The  tip  of  the  neck  of  the  second  gel  is  Bnipped,  then  each 
gel  is  separately  inflated  as  indicated  in  Figure  36. 1,  "Procedure  for  Making  In¬ 
tegral  Tail  Streamlined  Balloon. "  After  drying,  the  top  balloon  is  pulled  through 
the  neck  of  the  tail  balloon  to  provide  a  longer  tail.  A  number  at  details  on  the 
processing  are  omitted  for  brevity. 

A  limited  number  of  balloons  were  fabricated  using  this  process  -  mostly 
small  ones  weighing  approximately  250  grams.  Some  were  flight-tested  and  showed 
promise.  Effort  is  continuing  to  produce  the  full-scale  balloons  of  the  ML-541 
size. 

36.2.1  F**t-ri*e  Ballooa*  tor  Artillery  Application* 

Radiosonde  soundings  in  Southeast  Asia  for  artillery  purposes  are  seldom 
required  to  exceed  35, 000  feet.  Use  of  the  larger,  more  expensive  balloons  such 
as  the  ML-537  and  ML-541  is  not  economical.  It  was  proposed  that  a  low-cost, 
small-volume,  low-altitude,  fast-rise  balloon  be  developed  for  such  applications. 
Initially,  requirements  were  drafted  for  a  balloon  to  achieve  an  altitude  of  1 1 
kilometers  (36, 000  feet)  at  a  minimum  ascent  rate  of  475  meters  per  minute 
(1, 560  feet  per  minute)  with  an  ultimate  goal  of  550  meters  per  minute.  A  small, 
streamlined,  neoprene  balloon  was  visualized  weighing  perhaps  300  gms,  which 
would  provide  the  necessary  performance.  While  awaiting  receipt  of  a  formal 
directive,  an  effort  was  made  to  determine  the  size  and  shape  of  the  top  spherical 
part  of  such  a  balloon.  Data  were  obtained  on  a  balloon  40-inches  long  weighing 
150  gms.  This  balloon  provided  a  minimum  ascent  rate  of  400  meters  per  minute 
(1300  feet  per  minute)  when  inflated  with  75-80  cubic  feet  of  hydrogen.  In  response 
to  informal  inquiries  from  artillery  users  as  to  the  availability  of  such  a  balloon. 
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Figure  36. 1.  Procedure  for  Making  Integral  Tail  Streamlined 
Balloon 


200  models  were  tested  further.  It  was  found  that  better  than  85  percent  met  the 
minimum  ascent  rate  and  altitude,  with  many  exceeding  1400  and  1500  feet  per 
minute.  A  directive  has  been  issued  to  buy  a  large  quantity  of  these  balloons  for 
use  in  Southeast  Asia. 
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Abstract 


Problems  involved  in  the  use  of  balloons  for  small-scale  wind  measurement 
are  reviewed  anfi  several  special  purpose  balloons  designed  for  this  purpose  are 
briefly  described.  The  development  of  a  stable  streamlined  balloon  for  small- 
scale  wind  measurements  is  discussed  in  greater  detail.  The  realization  of 
accurate  small-scale  wind  measurement  with  streamlined  balloons  requires  care¬ 
ful  attention  to  the  balloon's  static  and  aerodynamic  stability.  The  appropriate 
stability  criteria  are  outlined  and  some  balloon  configurations  which  meet  these 
criteria  are  shown. 

The  stable  streamlined  balloon  avoids  the  problems  associated  with  vortex 
shedding  by  spherical  balloons  and  achieves  a  greater  ascent  rate,  which  reduces 
the  required  tracking  time  (ascent  rates  up  to  4, 000  feet  per  minute  have  been 
observed  in  prototype  balloons).  Since  the  streamlined  balloon  is  an  aerodynamic 
lifting  body,  the  response  distance  of  the  balloon  does  not  increase  in  proportion 
to  its  velocity  as  does  a  pure  drag  sensor.  In  addition  to  reducing  required  track¬ 
ing  time,  die  higher  ascent  rate  avoids  low  elevation  angles  which  might  cause  loss 
or  degradation  of  tracking  data  during  very  high  winds. 


37.1  INTRODUCTION 


Radar  reflective  balloons  have  been  used  for  small-scale  horizontal  wind 
measurements  since  the  introduction  of  precision  radar  systems  (Leviton,  1962). 
Smooth,  spherical,  2 -meter-diameter  balloons  were  first  used  for  the  wind  sensor 
until  die  identification  of  the  problem  of  self-induced  balloon  motions  (Henry  and 
Scoggins,  1963).  A  multiexposure  photograph  of  self-induced  motion  of  a  spherical 
balloon  during  ascent  in  still  air  is  presented  as  Figure  37. 1. 

An  examination  of  the  problem  of  self-induced  motions  and  a  review  of  the 
literature  on  the  subject  revealed  that  the  probable  cause  was  vortex  shedding  in 
the  wake  of  the  spherical  balloon,  especially  under  conditions  of  super -critical 
Reynolds  number  flow.  Once  the  problem  of  self-induced  balloon  motion  has  been 
identified,  several  modified  balloon  configurations  were  investigated.  The  most 
widely  used  of  these  is  the  Jimsphere  balloon  system  shown  in  Figure  37.2 
(Scoggins.  1967;  and  Eckatrom,  1965).  The  Jimsphere,  which  has  been  an  opera¬ 
tional  system  for  some  time,  has  a  roughened  surface  to  help  prevent  random 
shedding  of  large-scale  vortex  patterns,  and  also  a  100-gram  weight  which  helps 
provide  rotational  stability.  Because  die  induced  motions  of  smooth  spherical 
balloons  occurred  primarily  at  Reynolds  numbers  greater  than  about  2  x  10®,  an 
additional  solution  to  the  problem  was  to  use  a  smaller  size  balloon  of  lifter 
weight  which  operates  primarily  in  the  eubcritical  Reynolds  number  range.  Balloons 
of  this  type  (Wright.  1967)  are  also  currently  in  operational  use. 

Because  the  self-induced  motions  of  spherical  balloons  were  due  primarily  to 
the  shifting  wake  or  pressure  field  on  the  aft  surface  of  die  balloon,  a  partially 
filled  balloon  such  as  shown  in  Figure  37. 3  was  tried  by  Langley  Research  Center 
as  a  wind  sensor.  This  partially  filled  balloon  deforms  rather  than  translates  due 
to  the  shifting  airflow  in  the  wake.  As  a  result,  this  balloon  turned  out  to  be  an 
excellent  sensor  of  small-scale  winds.  However,  die  ascent  rate  of  a  small  parti¬ 
ally  filled  balloon  is  about  2. 5  m/sec  (600  ft/m  in)  no  matter  how  much  free  lifting 
gas  was  used.  Therefore,  the  time  required  to  traverse  the  altitude  range  of 
interest  was  excessively  long.  The  low  ascent  rate  also  results  in  low  elevation 
angles  for  radar  tracking  due  to  horisontal  drift  with  die  wind. 

Before  the  Jimsphere  or  other  modified  balloon  systems  were  operational, 
Langley  Research  Center  became  interested  in  die  possibility  of  using  a  stream¬ 
lined  balloon  of  shape  similar  to  those  used  for  many  years  as  powered  airships, 
blimps,  and  tethered  or  kite  balloons.  Such  a  streamlined  halloon  would  greatly 
reduce  the  problems  associated  with  vortex  shedding,  and  would  provide  a  rapid 
ascent  rate  by  virtue  of  the  low  drag  configuration.  It  is  the  purpose  of  this  paper 
to  present  details  of  the  development  of  such  a  fast-rising  stable  streamlined 
balloon  system. 
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Figure  87. 1.  Self-induced  Motion  of  a  Smooth  Spherical  Balloon  in  Still  Air 


Ftfnr«37.a.  Jim  sphere  Balloon  Figure  37.8.  Partially  PUlad  Deform* 

System  able  Balloon  Wind  Sensor 


4C2 


37.2  DEVELOPMENT  OF  FREE-FLYING  AERODYNAMICAL!. Y  % 

SHAPED  BALLOONS 

The  effort  to  develop  a  stable,  free-flying*  streamlined  balloon  began  with  a 
study  of  the  literature  concerning  tests  of  airships,  dirigibles,  blimps,  and  kite  * 

balloons.  Of  primary  interest  was  information  on  drag  and  stability  as  a  function 
of  system  shape,  volume,  and  fin  sise.  Most  of  the  literature  relating  to  airships 
was  dated  in  foe  years  1915  to  1952.  Information  relating  to  blimps  was  of  a  little 
more  recent  origin,  with  the  bulk  of  the  information  available  on  the  Navy  Class  C 
shape.  It  was  also  determined  that  most  of  the  information  available  on  tethered, 
aerodynamically-sbaped  balloons  Also  related  to  Navy  Class  C  shapes  or  close 
modifications.  Zaba  et  al  (1929)  and  Van  Mtses  (1959)  provided  information  on  the 
drag  of  the  Navy  Class  C  bull  shape  as  a  function  of  fineness  ratio  f.  Data  indi¬ 
cated  that  a  bull  shape  of  fineness  ratio  f  •  2. 1:1  had  the  least  total  drag  based  on 
foontal  area.  However,  of  more  importance  to  this  application  would  be  the  drag 
per  unit  of  volume.  Data  presented  showed  the  minimum  drag  per  unit  volume  to 
occur  at  a  fineness  ratio  of  4. 5  to  4. 62  for  Mm  Class  C  shape.  However,  it  was 
also  determined  that  Mm  drag  of  inflated  fin  stabiliser  surfaces  would  probably  be 
greater  than  the  drag  of  the  streamlined  hulL  Because  the  bulk  of  the  available 
literature  related  to  the  Navy  Class  C  shape,  the  first  series  of  experimental 
balloons  were  of  Class  C  shape  with  Mures  inflated  fin  stabiliser  surfaces,  as  shown 
in  Figure  57. 4.  These  balloons  had  variations  in  fineness  ratio  of  2,  5,  and  4  to  1. 

Although  all  of  these  first  streamlined  balloons  were  statically  stable,  as  defined 
by  Figure  57. 5,  flight  tests  revealed  that  they  were  aerodyuamieally  unstable,  as 
defined  by  Figure  37. 6.  As  can  be  seen  from  Figure  57. 6,  aerodynamic  instability 
results  from  the  improper  location  of  the  center  of  pressure  fo.p.)  with  respect  to 
the  center  of  bouyancy  (e.  b. )  and  center  of  gravity  (c.  g. ).  The  first  series  of 
Class  C  streamlined  balloons  were  released  in  a  noseup  position;  however,  as  the 
ascent  velocity  increased,  the  ballpens  changed  from  a  vertical  to  a  near  horison- 
tal  position,  indicating  that  the  center  of  pressure  of  the  balloon  configuration  was 
too  fkr  forward. 

Aflsr  Mm  first  striae  of  tests  wort  completed.  It  was  oonoludsd  that  a  stream¬ 
lined  balloon  design  was  needed  which  looated  the  center  of  bnuyanoy  as  far  forward 
as  possible,  and  Mm  center  of  pressure  as  far  aft  as  possible.  Carrying  this  oon- 
espt  to  Mm  extreme.  Mm  nose  of  Mm  balloon  was  mads  a  hemisphere,  with  the 
remainder  of  the  body  betag  a  long  slender  oo*m  which  looated  Mm  ftas  as  far  eft 
as  possible,  la  addition.  Mm  Ha  else  was  Increased  and  the  number  of  fins  In- 
emend  front  8  to  4.  The  resulting  balloon,  which  bed  s  flnsnsss  ratio  of  4  to  I, 

Is  shown  in  Figure  87. 7.  After  Mm  solution  of  a  few  fabrication  problems,  Mils 
type  balloon  successfully  flew  in  a  noseup  position  at  a  rise  rate  of  about  15  m/see 
(5,000  ft/mtn)  from  ground  level  In  a  float  altitude  of  about  11  km  (40,600  ft). 


Figure  37. 7.  Hemisphere -com  Figure  37. 8.  Combination  Class  C  - 

Streamlined  Balloon  Conical  Balloon 

After  the  successful  completion  of  this  second  series  of  flight  tests  with  the 
balloons  referred  to  as  the  hemisphere -cone  shapes,  it  was  of  Interest  to  deter¬ 
mine  if  higher  float  altitudes  could  be  at¬ 


tained  with  balloons  of  more  efficient 
volume- to-mass  characteristics.  For  this 
purpose,  a  large  series  of  balloon  designs 


were  considered  and  a  few  selected  de¬ 
signs  were  flight-tested.  As  a  result  of 
the  third  series  of  flight  tests,  the  balloon 
configuration  shown  in  Figure  37. 8  was 
selected  as  about  an  optimum  design. 

This  balloon  consists  of  s  Class  C  shape 
forebody  of  flneoeea  ratio  of  3  to  I  with 
a  conical  aft  section  increasing  the  total 
length  to  gtre  aa  overall  ftneneas  ratio  of 
3  to  1.  This  balloon  has  a  riae  rats  of 
about  30  a/ssc  (4. 000  ft/mtn)  and  the 
useful  altitude  range  has  been  increased 
to  about  16  km  (83. 000  ft),  as  shown  in 
Figure  37. 0. 


Figure  37.0.  Streamlined  Balloon 
Ascent  Rate 
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The  combination  Class -C -conical  streamlined  balloons  tested  to  date  have 
been  6.  1  m  (20  ft)  in  length  and  are  constructed  of  1/2 -mil  (0.  0005  in. )  thick, 
metalized  Mylar  material  with  fins  constructed  of  dacron-scrim  reinforced,  clear 
Mylar  film.  The  basic  weight  of  the  balloon  is  1.42  kg  (3.  1  lb).  At  standard  sea- 
level  conditions,  the  balloons  have  an  approximate  vol'  me  of  9. 2  m3  (325  ft3)  and 
provide  a  free  lift  *■ '  "  1  N  (18.  3  lb). 

After  completion  of  the  development  phase  of  the  streamlined  balloon  program, 
an  additional  reference  was  discovered  (Halfman  and  Ashley,  1953)  which  considered 
the  theoretical  aspects  of  developing  a  fast-rising  streamlined  balloon  system.  The 
report,  which  predated  the  experimental  effort  reported  here,  concluded  that  a 
fast-rise  balloon  system  was  a  distinct  possibility  and  predicted  ascent  rates  as 
great  as  25  m/sec  (5, 000  ft/min).  After  locating  this  particular  reference,  it  was 
interesting  to  note  that  most  of  the  recommended  experimental  tests  were  actually 
performed  during  the  Langley  Research  Center  development  effort. 

Although  several  streamlined,  aerodynamlcally -shaped  balloons  have  been 
successfully  flown  in  a  stable  vertical  flight  path  at  rise  rates  of  at  least  20  ro/ sec 
(4,000  ft/min),  there  are  still  some  engineering  developments  needed  to  make  the 
system  operationally  competitive.  The  moot  obvious  improvement  needed  is  a 
simplified  fin  design  to  reduce  the  cost  of  the  balloons  on  a  unit  basis.  Also,  the 
long,  slender,  roetalimed  balloons  do  not  present  a  point  target  for  the  radar-track¬ 
ing  system,  apparently  causing  the  radar  to  search  in  the  vertical  direction.  It  is 
believed  that .  eplacing  die  metaliaed  surface  with  an  internal  corner  reflector  or 
a  crumpled  aluminum  foil  target  would  solve  this  problem.  Additional  minor 
improvements  in  balloon  accessory  design  would  aid  in  problems  associated  with 
inflation,  handling,  and  release  of  the  balloon  foi  radar  tracking. 

37.3  «|ND  RESPONSE  CONSIDERATIONS 

In  evaluating  the  capabilities  of  any  wind  sensor.  <t  is  of  interest  to  know  just 
how  closely  or  quickly  die  sensor  will  respond  to  varying  horizontal  wind  inputs  as 
the  sensor  traverses  the  atmosphere  in  a  vertical  direction.  Eckstrom  (1965) 
presented  a  method  of  determining  a  characteristic  lag  distance  L  of  a  pure  drag 
wind  sensor  as  follows: 


(37.  1) 
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where 

mfl  *  mass  of  balloon  skin,  fins,  and  so  forth 

nig  -  mass  of  balloon  inflation  gas 

p  ■  atmospheric  density 

Vol  *  balloon  volume 

VZg  *  vertical  rise  rate  of  the  balloon 

g  «  gravitational  constant 

As  can  be  seen  from  Eq.  (37. 1),  the  response  capability  of  a  pure  drag  device  is 
a  function  of  its  total  mass,  the  mass  of  the  displaced  air,  and  the  square  of  the 
rise  rate. 

if  the  center  of  gravity  of  a  streamlined  balloon  were  coincident  with  its  center 
of  bouyancy,  the  balloon  would  be  statically  stable  at  any  angle,  but  dynamically 
stable  at  zero  angle  of  attack  only  (assuming  it  is  an  aerodynamically  stable  bal¬ 
loon).  Such  a  balloon  would  be  essentially  a  pure  drag  device  as  it  would  always 
go  to  zero  angle  of  attack  to  the  relative  air  velocity.  We  could,  therefore,  com¬ 
pare  the  response  capability  of  such  a  balloon  to  a  spherical  sensor  such  as  the 
Tim  sphere  which  is  theoretically  a  pure  drag  sensor.  The  streamlined  balloon 
rise  rate  is  about  four  times  greater  than  that  of  the  Jimophere,  and  the  mass-to- 
volume  ratio  is  also  greater  because  the  streamlined  shape  encloses  less  volume 
per  unit  surface  area  and  the  streamlined  balloon  has  the  added  mass  of  the  fin 
stabilizers.  As  a  result,  at  the  altitude  of  3  km  (10,  000  ft),  the  characteristic  lag 
distance  of  a  pure  drag  streamlined  balloon  would  be  about  41m  (135  ft),  whereas 
that  of  the  Jimsphere  is  only  about  1.  5  m  (5  ft).  Clearly,  just  increasing  the  rise 
rate  of  a  pure  drag  sensor  results  in  considerate  loss  of  wind  sensitivity.  How¬ 
ever,  in  actuality,  the  streamlined  balloon  is  not  a  pure  drag  sensor  since  it 
experiences  large  lift  forces  in  addition  to  the  drag  forces.  As  mentioned  earlier, 
the  fins  have  substantial  mass  and  are  located  on  the  aft  end  of  the  balloon. 
Typically,  the  center  of  bouyancy  is  at  about  40  percent  of  the  balloon  length  aft 
of  the  nose,  whereas  the  balloon  center  of  gravity  iB  at  about  70  percent  aft  of  the 
nose.  As  a  result,  the  balloon  would  normally  have  a  significant  degree  of  static 
stability  and  the  only  time  the  streamlined  balloon  would  fly  at  zero  angle  of  attack 
would  be  under  the  "no  wind  gradient"  condition. 

A  vertically  rising,  aerodynamically  stable  streamlined  balloon  with  static 
stability  would  respond  to  a  horizontal  wind  shear  layer  by  both  lift  and  drag  forces, 
as  shown  by  the  following  equations  of  motion: 


(Cj)  sin  y  +  CL  cos  y)l/2  pVpS  -  m'(VXg  -  Vj^) 


(37.2) 
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i  (vertical) 

<mfl  +  mg^zB  *  <CL  sin  y  -  Cjj  cos  y)l/2  pVR2 S  -  (m8  +  mg)g 

-m'(V,  -V,  )  (37.3) 

B  w 

where 

ms  *  mass  of  balloon  skin,  fins,  and  so  forth 

mg  s  mass  of  balloon  inflation  gas 

m'  *  apparent  mass  of  system 

Cd  *  drag  coefficient 

Cl  ■  lift  coefficient 

S  *  reference  area 

p  *  atmospheric  density 

«  relative  velocity  between  air  and  balloon 

Vx  ■  horizontal  velocity  of  balloon  relative  to  earth 
B 

Vx^  ■  velocity  of  wind  relative  to  earth 
VZb  »  vertical  velocity  of  the  balloon 
Vz  =  vertical  velocity  of  the  wind 
7  *  angle  of  resultant  velocity  from  vertical 

Dots  over  symbols  denote  differentiation  with  respect  to  time. 

The  magnitude  of  the  lift  force  generated  will  be  a  function  of  the  balloon  angle 
of  attack  to  the  resultant  airflow.  As  a  result  of  the  balloon  center  of  mass  being 
aft  of  the  balloon  center  of  bouyancy,  the  balloon  will  fly  at  some  angle  of  attack  cr 
to  the  resultant  airflow  as  shown  in  Figure  37.  10,  where  the  moment  due  to  aero¬ 
dynamic  force  balances  the  moment  due  to  bouyant  and  gravitational  forces.  The 
lift  force  of  the  balloon  is  generally  greater  than  the  drag  force  (CL/CD  ranges 
from  3  to  5)  in  the  range  of  possible  angles  of  attack,  and  the  angle  7  of  the  resul¬ 
tant  velocity  from  the  vertical  is  also  small  (7  <  13°  for  balloon  ascent  rates  of 
4, 000  ft/m  in  and  wind  shears  of  0.  1  sec" 1  or  less)  so  that  Cl  cos  7  »  Cp  sin  7. 

In  comparing  the  wind  response  capabilities  of  the  streamlined  balloon  with 
lift  to  a  spherical,  pure-drag  sensor,  it  should  be  remembered  that  the  increased 
response  of  the  streamlined  balloon  due  to  lifting  forces  is  balanced  somewhat  by 
virtue  of  its  greater  mass  per  unit  volume  and  its  faster  rise  rate,  as  mentioned 
earlier. 

A  comparison  of  winds  as  measured  by  different  sensor  systems  is  presented 
in  Figure  37.  11.  The  profiles  of  wind  velocity  versus  altitudes  are  for  a  combi¬ 
nation  Class  C  -  conical  streamlined  balloon  sensor,  a  parachute  altitude  wind 
sensor  (PAWS)  system  (Silbert,  1970),  and  the  smoke-trail  method  (Henry  et  al, 


WIND  vel.  m/ see 


Figure  37. 10.  Stream 
lined  Balloon  Flight 
Conditions 


Figure  37. 11.  Wind  Velocity  Measurements  by 
Various  Systems 


1960).  The  balloon  sensor  data  presented  have  relatively  large  scatter  over  some 
parts  of  the  profile  but.  in  general,  are  in  close  agreement  with  both  die  smoke- 
trail  data  and  the  parachute  senior  data.  Hie  reason  for  the  scatter  in  the  stream¬ 
lined  balloon  data  has  not  been  fully  determined  but  is  believed  to  be  a  radar- 
tracking  error.  The  use  of  a  discrete  radar  target  might  substantially  reduce  this 
scatter. 


37.4  CONCLUSIONS 

Langley  Research  Center  investigations  of  balloons  as  sensors  of  small-scale 
horizontal  winds  lead  to  the  following  conclusions: 

(1)  Vertical  rising,  stable,  streamlined  balloons  having  rise  rates  of  20  m/ 
sec  (4. 000  ft/min)  and  float  altitudes  of  about  16  km  (52, 000  ft)  have  been  success¬ 
fully  flight-tested. 

(2)  Vertically  rising,  streamlined  balloons  which  are  both  statically  and 
aerodynamically  stable  respond  to  changing  winds  by  both  aerodynamic  drag  and 
lift  forces. 

(3)  Experimental  flight  tests  have  proven  the  capability  of  the  streamlined 
balloon  concept,  but  additional  engineering  efforts  are  required  before  the  system 
becomes  operationally  competitive  with  existing  modified  spherical  balloon  sensors. 
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(4)  The  streamlined  balloon  system  would  be  applicable  to  a  requirement  for 
greater  ascent  rates  than  are  possible  with  the  currently  operational  balloon  tensor 
systems. 

(5)  A  partially  filled,  deformable  balloon  is  also  an  excellent  wind  sensor  as 

it  changes  in  shape  rather  than  translates  as  a  result  of  shifting  airflow  in  the  wake. 
However,  the  low  rise  rate  of  about  2.  5  m/sec  (500  ft/min)  results  in  radar-track* 
ing  problems  for  many  applications. 
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38.  An  Analysis  of  the  Boundary  Layer 
Associated  With  Floating  Balloon  Systems 

R.D.  Reynold*  and  A.L  Wallis,  Jr. 
U.S.  Army  Electronics  Command 
White  Sands  Missile  Range,  N.M. 


Ney,  et  al  (1961)  discussed  the  boundary  layer  associated  with  floating  balloon 
systems  for  flights  during  the  day  and  at  night.  They  devised  two  methods  to  ob¬ 
tain  the  "undiluted"  ambient  temperature  from  a  floating  balloon  system  in  day¬ 
time,  In  one  method,  a  boom  was  extended  horizontally  at  least  three  feet  from 
the  balloon  payload  so  that  the  thermistor  would  be  outside  the  boundary  layer,  and 
in  the  second  method  a  thermistor  was  suspended  several  feet  below  the  balloon 
payload. 

The  suspended  or  "dangling"  thermistor  technique  was  utilized  by  Reynolds 
and  Lamberth  (1966)  on  superpressure  balloon  flights  <Figure  38. 1),  It  was  found 
that  although  the  dangling  thermistor  provided  ambient  daytime  temperatures  that 
agreed  with  temperatures  measured  by  other  methods  at  the  same  altitude  at  ap¬ 
proximately  the  same  time  and  point  in  space,  the  technique  was  inadequate  for 
nighttime  measurements  since  the  thermistor  was  inundated  in  the  drainage  down 
the  balloon  system. 

The  nighttime  boundary  layer  and  drainage  (Figure  38.2)  were  rojiorted  in 
detail  by  Ney  et  al(1961)  who  showed  that  at  night  the  gas  in  a  floating  balloon 
approached  a  blackbody  equilibrium  temperature.  The  balloon  gas  temperature 
is  often  15°C  colder  than  ambient.  The  modeling  of  nighttime  drainage  (Figure 
38.3)  by  Wagner  (1965)  resulted  in  a  visual  presentation  of  the  drainage  phenomenon. 
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Figure  38. 1.  Dangling  'Thermistor 
Used  by  Reynolds  and  Lamberth  to 
Obtain  Ambient  Temperatures  from 
Floating  Superpressure  3alloons  During 
Daytime 


Figure  38.2.  Nighttime  Drainage 
Associated  with  Floating  Balloon 
Systems  as  Shown  by  Ney,  Maas,  and 
Huch.  {Note:  Their  drainage  flow  was 
found  to  be  more  lamirar  so  they  sug¬ 
gested  suspending  a  boom  out  three  feet 
or  more  from  the  load  line  or  the  widest 
part  of  the  payload  to  obtain  ambient 
temperatures; 


In  September  1968,  a  29 -million  cubic  foot  balloon,  the  largest  flown  to  that 
date,  was  launched  for  the  Atmospheric  Sciences  Laboratory  at  White  Sands 
Missile  Range  by  the  Air  Force  Cambridge  Balloon  RAD  Test  Branch.  At  the  float 
altitude  (155,  000  feet)  of  the  balloon,  its  diameter  was  412  feet.  The  payload  was 
eight-feet  wide  and  exposed  the  Instrumentation  65  feet  below  the  balloon,  with  the 
thermistor  and  other  sensors  being  at  the  lower  extremity  of  the  system.  Daytime 
temperatures  measured  by  the  thermistor  in  this  configuration  were  10°C  higher 
than  the  temperature  measured  by  a  ipacially  and  temporally  comparable  rocket- 
sonde.  Thio  difference  led  to  questions  regarding  the  reliability  of  the  tempera¬ 
tures  obtained  and  the  possible  contamination  of  the  other  sensors,  because  of  the 
relative  positions  of  the  balloon  and  Instrumentation  in  this  configuration. 

To  insure  accurate  measurements,  an  attempt  was  made  to  determine  the 
extent  of  the  daytime  and  highttime  boundary  associated  with  the  balloon  system. 
While  the  daytime  measurements  were  expected  to  be  in  close  agreement  with 
ambient  temperatures  (1, 2),  three  daytime  tests  were  conducted  to  determine  the 
superheat  of  the  balloon  fabric.  Superheat  is  defined  in  balloon  terminology  as  any 
he  it  in  excess  of  ambient.  Three  nighttime  tests  were  conducted  to  determine 
the  thermal  drainage  about  the  balloon  system.  In  all  of  these  tests,  the  ambient 
temperature*  used  In  tne  comparisons  were  taken  from  regular  radiosonde  flights 
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at  approximately  the  same  location  and 
normally  within  four  hours  of  the  test  bal¬ 
loons.  For  these  tests  the  geometry  of 
sensor  exposure  on  "he  small  balloons  was 
proportional  to  that  of  the  large  balloon 
configuration.  The  nighttime  tests  were 
conducted  in  September  1968  and  January 
and  March  19G8.  The  balloons  used  were 
18  feet  in  diameter  and  fabricated  of  3/4 
mil  thick  polyethylene.  For  the  first  two 
tests,  three  thermistors  were  mounted  on 
each  of  two  booms,  the  first  two  feet  and 
the  second  approximately  22  feet  below  the 
balloon,  with  the  position  of  each  sensor 
as  shown  in  Figure  38.4.  As  can  be  noted 
from  the  figure,  the  thermistors  six  feet 
from  the  center  of  the  boom  were  still  in 
the  nighttime  drainage  since  the  balloon 
radius  was  nine  feet.  The  thermistor  in 
line  with  the  outer  edge  of  the  balloon 
measured  9°C  colder  than  the  ambient. 

All  three  thermistors  on  the  lower  boom 
yielded  identical  temperatures,  still 
7°C  lower  than  ambient. 

For  the  third  night  test,  the  balloon 


THERMAL  ORAJNACE 

Figure  38. 3  Model  After  Wagner  Show¬ 
ing  Nighttime  Drainage  Pattern  Ob¬ 
tained  in  Fluid  Tank  Where  Grashoff 
Number  is  of  Same  Order  of  Magnitude 
as  that  of  a  Balloon  of  Medium  Size  at 
High  Altitude,  Balloon  Material  Being 
Mylar.  Temperature  differences  for 
polyethylene  balloons  are  usually 
smaller  due  to  the  lower  absorption 
coefficient  of  polyethylene  in  the  infra¬ 
red  range 


was  at  a  float  altitude  of  54,  000  feet  and 

was  equipped  with  a  grid  of  thermistors  as  shown  in  Figure  38. 5.  Although  one  of 
the  thermistors  was  exposed  three  feet  above  the  top  of  the  balloon  and  was  shielded 
from  the  balloon  by  a  large,  one-inch-thick  sheet  of  StyroFoam,  its  temperature 
readings  indicated  the  effect  of  blackbody  radiation  from  the  balloon. 

There  are  two  main  points  of  interest  in  this  figure.  First,  the  shape  of  the 
drainage  is  delineated  by  the  isotherms.  The  flow  appears  to  be  turbulent  and  not 
laminar  as  shown  by  Ney  et  al  (1961).  When  viewed  in  a  horizontal  rather  than  a 
vertical  plane,  the  drainage  about  the  balloon  resembles  the  flow  through  a  diffusion 
nozzle.  Note  that  the  flow  differs  somewhat  from  the  model  reported  by  Wagner 
(1965),  although  his  model  with  the  Fioude  number  similar  to  atmospheric  condi¬ 
tions  agrees  in  many  respects  with  the  results  of  these  tests.  The  temperature 
differences  at  this  altitude  (the  lowest  float  level  Included  in  this  study)  were  the 
least  that  were  encountered  during  the  tests,  suggesting  that  the  blackbody  radia¬ 
tion  temperature  and  the  ambient  were  possibly  about  the  same. 
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Figure  38.4.  Test  with  a  Polyethylene  Figure  38.5.  Isotherm  Pattern  Shown 
Balloon  —  Third  in  a  Series.  The  Delineates  Shape  of  Drainage  Flown 

initial  test  modeled  the  same  geometry  Down  from  Balloon.  This  test  was  the 

as  the  29-million  cubic  foot  balloon  lowest  flown  in  altitude  and  had  the 

launched  by  Byers  A  Ballard;  since  least  spread  between  ambient  and  bal- 

the  first  test  was  inundated  with  the  loon  sensors.  Note  that  the  thermistor 

cold  drainage  the  thermistors  were  out  1 1  feet  on  the  bottom  boom  was 

progressively  moved  out  until  this  essentially  ambient 

one  shown  as  the  same  distance  out 
as  the  outer  limit  of  the  balloon 

Three  daytime  tests  were  conducted  in  April  and  May  1969  to  test  the  super¬ 
heat  of  the  balloon  fabric.  Two  of  the  balloons  were  18  feet  in  diameter  and  made 
of  polyethylene;  the  third  was  a  200-foot-gore-length  tetrahedron  fabricated  of 
1/4  mil  mylar.  The  float  level  of  all  three  balloons  was  70. 000  feet.  The  teat 
configuration  was  as  shown  in  Figure  38. 6.  AMT- 15  radiosondes  with  clock- 
switching  were  modified  to  provide  three  temperature  readings  in  lieu  of  the 
standard  pressure,  humidity,  and  temperature.  The  superheat  of  the  polyethylene 
was  40°C  and  of  the  mylar  was  43°C.  Note  that  the  dangling  thermistor  and  the 
thermistors  on  the  three-foot  boom  were  indicating  12  to  14°C  higher  than  the 
ambient  temperature.  This  is  of  th«  same  order  of  superheat  experienced  on  the 
September  1968  flight  of  the  large  balloon. 

In  September  1969,  a  30-million  cubic  foot  balloon  was  launched  from  White 
Sands.  The  balloon  was  launched  with  payload  65  feet  below  balloon  (same  as  1968 
flight).  The  launch  was  during  the  night,  and  the  instrumentation  recorded 
temperatures  well  below  ambient  when  the  balloon  reached  135, 000  feet  altitude. 

As  the  sun  rose  on  the  balloon,  the  instrumentation  indicated  a  large  temperature 
rise  along  with  a  large  height  rise.  Before  the  instrumentation  was  lowered  1000 
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Figure  38.6.  Daytime  Flights  Flown 
with  Both  Mylar  and  Polyethylene  Bal¬ 
loons.  This  test  was  with  polyethylene, 
but  it  was  found  that  the  superheat  was 
identical  using  either  film.  Note  the 
superheat  of  the  balloon  of  approxi¬ 
mately  40°C.  The  balloon  affects  also 
both  of  the  thermistors  on  the  radio¬ 
sonde 


Figure  38. 7.  Proposed  Launch  Con¬ 
figuration  that  is  a  Real  Balloon 
Launcher's  Nightmare.  It  should 
enable  an  experimenter  to  obtain  true 
day  and  night  ambient  temperatures 


feet  below  the  balloon,  a  superheat  of  10°C  was  noted.  After  the  payload  was 
lowered,  the  instrumentation  indicated  a  temperature  near  ambient. 

In  summary,  daytime  teats  with  small  (for  the  most  part  18-foot  diameter) 
balloons  at  70, 00C  feet  have  shown  that  the  superheat  of  both  mylar  and  poly¬ 
ethylene  balloons  is  approximately  40°C,  and  that  instrumentation  within  less  than 
1/2  the  balloon  diameter  may  experience  superheat  of  10  to  14°C  above  the  ambient. 

i 

At  night,  the  thermal  drainage  about  a  balloon  system  is  quite  extensive, 
resulting  in  temperatures  that  range  from  a  few  degrees  to  15°  lower  than  ambient, 
depending  on  sensor  exposure  or.  the  balloon  system. 

One  means  of  possibly  obtaining  "undiluted"  temperature  measurements  in  the 
atmosphere  would  be  a  system  such  u  is  shown  in  Figure  38. 7.  The  configuration 
would  include  a  glm baled  platform  supported  between  two  balloons  so  that  there 
would  be  nothing  above  or  below  the  sensors  for  night  or  day  flights,  respectively. 


476 


R«ferenc«s 


Ney,  E.,  Maas,  F.W.  and  Hue h,  W.  F,  <1961)  The  measurement  of  atmospheric 
temperature  J.  Meteor.,  18:60*80. 

Reynolds,  R.D. ,  and  Lam  berth,  R.L.  (1966)  Ambient  temperature  measurements 
from  radiosondes  flown  on  constant-level  balloons  J.  Appl.  Meteor.,  5:304*307. 

Wagner,  W.C.  (1965)  Temperature  Measurements  from  Floating  Balloons. 
Proceedings  1964  AFCRL  Scientific  Balloon  Symposium,  Air  Force  Surveys 
In  Geophysics,  No.  167,  pp.  157-169. 


Ceatnti 

39. 1 

Introduction 

477 

39.2 

Load  Attachment  System 

478 

39.3 

Balloon  Films 

478 

39.4 

Launch  Techniques 

480 

39,5 

Ascent  Controls 

480 

39.6 

Performance  Summary 

481 

39.7 

Conclusion 

482 

39.  Nimbus-D/IRLS  Superpr«**ur« 
Balloons  in  the  Tropical  Stratosphoro 

J.D.  Ttfft 

Nsttssd  Cnm  hr  AMMplwit  Research 
Beeldsr,  Ctltnh 


Abstract 


A  summary  of  twenty-two,  tropical,  experimental  superpressure  balloon 
flights  Is  presented.  These  flight  data  describe  the  launch  technique,  ascent 
controls,  balloon  films  Investigated,  balloon  design,  environmental  conditions, 
and  anticipated  durational  float  altitudes  of  30  mb  and  SO  mb. 

This  program  Is  a  joint  NCAR-GSFC  meteorological  experiment  utilising 
the  Nlmoua-D/IALS  system  to  provide  quantitative  measurements  of  wind  speed, 
wind  direction  and  ambient  temperature  on  a  global  scale. 


)•.)  ivntooicnov 

Cm  8  April  1870,  near  midnight,  the  Nimbus -4  weather  satellite  was  launched 
successfully  into  polar  orbit.  Along  with  remote  sensors  and  weather  cameras . 
ths  Interrogation,  Recording  and  Location  System  (OILS)  will  make  the  most  com¬ 
prehensive  study  yet  undertaken  of  the  earth's  atmosphere, 

NCAR’a  responsibility  in  this  NASA  weather  program  is  to  develop  the  ap¬ 
propriate  launch  techniques,  and  provide  suitable  stratospheric  super-pressure 
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balloons  to  study  the  oscillation  in  the  stratospheric  winds  which  appears  to  vary 
in  a  quasibiennial  fashion.  During  the  past  2  1/2  years,  22  test  flights  have  been 
made  and  evaluated  from  Ascension  Island.  The  final  flight  program  is  currently 
underway  from  Ascension,  with  the  Nimbus-4  satellite  tracking  the  balloon 
packages  and  relaying  the  data  to  the  Goddard  Space  Flight  Center  computer  center. 

39.2  LOAD  ATTACHMENT  SYSTEM 

The  poor  performance  of  the  Ascension  balloons  during  the  early  flights  was 
attributed  to  cold  tropopause,  excessive  ascent  rate  and  oscillation,  or  a  combina¬ 
tion  of  these.  Two  flights  at  30  mb  were  made  from  Christchurch,  New  Zealand, 
with  Raven  balloons  which  averaged  160  days,  but  the  cold  tropical  tropopause  and 
high  ascent  rate  were  eliminated.  Two  Schjeldahl  balloons  were  launched  similarly 
from  Christchurch,  but  failed.  In  the  second  Ascension  series  a  Schjeldahl  balloon 
failed  in  the  same  manner  as  the  two  bursts  in  the  first  series,  as  well  as  one 
burst  from  Christchurch  -  the  balloon  shattered  as  it  became  spherical  but  prior 
to  developing  any  superpressure. 

In  Table  39. 1  is  a  tabulation  which  has  led  us  to  conclude  that  failures  just 
prior  to  entering  float  altitude  were  due  to  a  faulty  load -attachment  fitting,  which 
overstressed  the  attachment  point  when  the  balloon  is  spherical  and  the  load  ex¬ 
ceeds  ten  pounds . 

Figures  39. 1  and  39. 2  show  several  types  of  load  attachment  schemes  that 
have  been  investigated.  It  was  observed  during  the  cold  chamber  tests  at  Wright  - 
Patterson  AFB  that  the  nylon  caps  and  webbing  systems  tended  to  shrink  at  low 
temperatures  <-80°F),  and  stress  that  part  of  the  balloon  to  failure. 

After  this  analysis  and  several  launches,  we  elected  to  use  the  great-circle 
design  on  the  Nimbus-D  flight  balloons.  This  eliminated  any  bonding  of  material 
to  the  balloon  wall,  and  uniformly  distributed  the  load  entirely  around  the  balloon 
along  the  bi-taped  seals. 

39.3  BALLOON  FILMS 

Several  polyester  film  laminates  were  evaluated  during  the  test  series,  such 
as  bilaminates  of  mylar,  Celanar  and  Sootchpar,  and  trilaminates  of  mylar-saran 
and  mylar-thick  adhesive. 

A  double  envelope  of  mylar  and  saran-coated  mylar  was  tested,  but  It  exhibited 
additional  fabrication  problems  as  well  as  a  weak  saran-coated  material.  This 
design  was  not  explored  further. 
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Table  39. 1.  Load  Attachments 


Launch  Site 

Balloon 

Manufacturer 

Attachment 

Type* 

Flight 

Results 

Ascension 

Raven 

R-l 

2  days 

Ascension 

Schjeldahl 

S-l 

10  days 

Ascension 

Schjeldahl 

S-l 

burst 

Ascension 

Raven 

R-l 

2  days 

Ascension 

Raven 

R-l 

2  days 

Ascension 

Schjeldahl 

S-l 

burst 

Christchurch 

Raven 

R-l 

O.K. 

Christchurch 

Raven 

R-l 

O.K. 

Christchurch 

Schjeldahl 

S-2 

2  days 

Christchurch 

Schjeldahl 

S-2 

burst 

Ascension 

Raven 

R-2 

O.K. 

Ascension 

Schjeldahl 

S-2 

burst 

Ascension 

Raven 

R-2A 

O.K. 

Ascension 

Schjeldahl 

S-2  A 

O.K. 

*R-1  =  4  lines  attached  6  ft  from  bottom. 

S-l  =  End  cap  mesh  attached  around  periphery  of  cap  section. 

S-2  *  Two  crossed  bands  of  nylon  netting  attached  40  inches  from  bottom. 

No  excess  material. 

R-2  ■  Similar  to  S-2  but  with  less  stress  concentration  on  attachment 

corner. 

S-2A 

R-2A  =  Fleld  modification,  adding  2  inches  to  nylon  bands. 


The  mylar-thick  adhesive  balloons  (1/2-mil  mylar  x  1/2-mil  adhesive  x 
1/2-mil  mylar)  indicated  an  initial  period  of  creep  and  then  catastrophic  failure. 

The  trilaminate  balloons  of  mylar-saran  (3/4-mil  mylar  x  3/4-mil  saran  x 
3/4-mil  mylar)  showed  reasonable  overpressure  throughout  their  lifetime,  but 
suddenly  ruptured.  These  two  flights  averaged  60  days  at  50  mb  in  the  tropics. 
The  lamination  of  saran  adds  considerably  to  the  balloon  weight  and  not  neces¬ 
sarily  to  an  extended  duration.  Therefore,  this  film  was  not  investigated  further. 

Since  the  longest  duration  flights  have  been  made  with  the  conventional  bi- 
laminated  mylar,  this  design  was  selected  for  the  final  flight  series  with  the 
Nimbu8-D/IRLS  packages. 
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39.4  LAUNCH  TECHNIQUES 

The  balloon  trailer  and  launch  truck 
(Figure  39.3)  have  been  used  satisfactorily 
throughout  the  test  series,  to  launch  bal¬ 
loons  in  the  trade  winds  which  blow  con¬ 
tinuously  across  Ascension  Island  (8°S  x 
14°W)  at  an  average  velocity  from  14-25 
miles  per  hour.  The  original  GHOST 
wagon  was  modified  by  the  addition  of 
heavier  wheels  and  axles  and  a  wider 
track,  all  of  which  greatly  increased  its 
stability. 

The  use  of  this  mobile  launch  tech¬ 
nique  has  been  developed  to  the  point  of 
complete  reliability  and  safety  for  the 
launching  of  the  large  superpressure  bal¬ 
loon  and  electronic  packages, 

39.3  ASCENT  CONTROLS 

Some  of  the  early  balloon  failures  in 
the  program  were  attributed  in  part  to  a  relatively  high  rate  of  ascent  (1000  to 
1500  ft/min)  through  the  tropopause. 

In  order  to  reduce  the  ascent  rate  to  less  than  1000  ft/min  through  the  cold 
tropopause,  the  superpressure  balloon  is  ballasted  for  a  net  freelift  of  1  percent. 
Freon  (FR-11)  is  used  for  ballast  and  is  carried  aloft  in  a  vented,  black  plastic  jug. 
FR-11  has  a  boiling  temperature  near  +25°C  at  sea  level.  During  ascent,  the 
Freon  temperature  remains  below  boiling 
point.  At  float  altitude  heating  of  the 
black  jug  causes  a  slow  evaporation  of 
the  liquid,  with  a  gradual  increase  in  bal¬ 
loon  superpressure. 

With  this  ascent-control  system,  the 
average  ascent  rate  is  600  ft/min  from  sur¬ 
face  to  40,  000  ft,  then  slowly  increases  to 
float  altitude.  The  maximum  rate  is  at¬ 
tained  at  the  time  the  balloon  becomes 

spherical  and  begins  to  overpressure.  This  TABS  a  LINES  reinforced  tapes 

final  maximum  rate  is  around  1000  ft/min.  ngure  SB>  2>  ^  Attachments 


Figure  39. 1.  Load  Attachments 


481 


Ground  tests  performed  at  Ascension 
showed  a  2  gm/min  evaporation  rate  for 
the  black  bottle  outdoors  in  the  shade, 
and  8  gm/min  in  bright  sunlight.  Our  best 
estimate  is  four  to  five  hours  at  altitude 
to  evaporate  4000  grams  of  Freon. 

Another  control  used  for  stability 
during  ascent  was  an  8.  5  ft  diameter, 
natural  shaped,  zero-pressure  poly¬ 
ethylene  balloon.  This  balloon  performed 
the  following  four  functions  during  the 
launch  and  ascent  phases : 

(1)  Acted  as  a  guide  or  pilot  balloon  Figure  39.3.  Balloon  Trailer  and 

.  ,  Launch  Truck 

to  determine  proper  launch  truck  wind 

speed. 

(2)  Launched  the  GHOST  locater  package  prior  to  the  Nimbus  balloon. 

(2)  Provided  the  required  freelift  for  the  FR-11  Freon  ballast  during  the 

early  phase  of  ascent. 

(4)  Used  as  a  drag  stabilizer  during  ascent  of  Nimbus  balloon. 

This  small  balloon  was  permanently  attached  to  the  lower  end  of  the  190-ft 
flight  train. 


39.6  PERFORMANCE  SUMMARY 

Out  of  the  22  test  flights,  eight  failed  within  a  few  days  after  launch  and  the 
remainder  averaged  the  following  durations : 

30  mb  =  67  days 

50  mb  =  109  days 

Tests  are  nearly  complete  on  the  balloon  film  from  a  50  mb  balloon  that  flew 
81  days  and  was  recovered  from  the  Congo.  The  film  is  being  investigated  for 
ultraviolet  deterioration,  changes  in  the  chemistry  of  the  polyester  plastic  through 
IR  tests,  and  biaxial  strength  tests.  Initially,  it  appears  that  the  shorter  lifetime 
in  the  cold  tropical  stratosphere  is  due  to  a  loss  in  film  strength  in  areas  of  the 
balloon  directly  exposed  to  ultraviolet  radiation  (top  sections).  The  top  area  re¬ 
ceived  521  hours  of  equivalent  normal  exposure  from  the  sun  and  showed  44  to 
50  percent  loss  of  strength,  as  compared  to  the  equatorial  areas  where  only  a 
6  percent  loss  of  strength  was  observed  (balloon  equator  received  233  hours  of 
equivalent  normal  sun  exposure).  Seal  strength  deterioration  appears  to  be  more 
marked  in  the  case  of  the  top  sections  (53  to  58  percent  loss  of  strength  compared 


to  16  to  23  percent  loss  for  seals  in  lower  portions  of  the  sphere).  The  areas 
adjacent  to  the  seals  developed  more  holes  during  testing  than  film  samples  from 
the  center  of  the  gore.  From  these  initial  biaxial  tests  it  appears  that  the  top 
polar  area  was  weaker  and  more  brittle. 


39,7  CONCLUSION 

The  current  May-June  series  of  Ascension  Island  launches  consist  of  ten 
50-mb  balloons  and  five  30-mb  balloons  launched  during  a  five -week  period. 
Sixty  days  after  the  last  balloon  is  launched  the  second  series  of  fifteen  flights 
will  be  made,  with  the  same  number  of  balloons  as  launched  in  the  first  series. 
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40.  Nimbus  4  interrogation, 
Recording  and  Location  Subsystem 

A.  Gottosman 
Geooral  Instrument  Corporation 
Hicksville,  Now  York 


40.1  INTRODUCTION 

The  Interrogation,  Recording,  Location  Subsystem  (IRLS)  experiment  provides 
for  the  periodic  collection  of  scientific  data  from  both  the  surface  of  the  earth  and 
its  atmosphere  on  a  global  basis.  IRLS  additionally  provides  position  determina¬ 
tion  and  tracking  (in  latitude-longitude  coordinates)  of  its  various  fixed  and  mobile 
data -gathering  stations.  Since  existing  data  collection  is  limited  to  a  regional 
basis,  and  in  general  does  not  contain  position  or  tracking  capability,  it  is  expected 
that  an  operational  IRLS  will  contribute  significantly  to  the  field  of  meteorology. 

IRLS  achieves  global  coverage  by  using  the  earth -oriented  Nimbus  satellite  as 
an  active  relay  station  to  periodically  collect  and  store  data  obtained  from  remote 
data  gathering  stations.  These  stations  can  take  the  form  of  buoys,  weather  sta¬ 
tions  and  high  altitude  balloonB.  The  data  collected  by  the  satellite  is  subsequently 
transmitted  to  a  ground  station  when  the  two  are  in  communication  range.  The 
specific  objectives  of  IRLS  are: 

(1)  Provide  a  data  relay  and  location  system  for  remote  platforms. 

(2)  Prove  feasibility  of  selective  interrogations  of  a  remote  platform  from  a 
satellite  and  receipt  of  an  automatic  response. 
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(2)  Provide  data  collection  from  platforms  on  a  global  scale. 

(4)  Trace  atmospheric  motion  by  direct  measurement  of  the  flight  path  of  a 
free-floating,  constant-level  balloon. 

To  date,  two  Nimbus  satellites  containing  IRLS  operational  hardware  have 
been  successfully  launched.  The  first  of  these,  designated  as  Nimbus  2,  was 
launched  in  April,  1969,  while  the  second,  designated  as  Nimbus  4,  was  launched 
in  April,  1970.  The  Nimbus  4  IRLS  hardware  Includes  newly  designed  receivers 
and  transmitters  to  perform  functions  similar  to  Nimbus  2  IRLS.  Advanced  fea¬ 
tures  permit  lighter,  less  expensive  data-gathering  packages.  The  overall  IRLS 
system  tests  conducted  thus  far  on  a  limited  number  of  ground-based,  fixed  and 
mobile  data-gathering  stations  have  been  successful.  Specific  recent  tests  that 
have  received  wide  publicity  include  tracking  an  ocean  buoy  in  the  South  Atlantic 
(Nimbus  2)  and  tracking  an  elk  in  Colorado  (Nimbus  4).  The  first  IRLS  balloon- 
borne  data  gathering  package  is  scheduled  for  launch,  at  the  time  of  this  writing, 
from  New  Zealand  under  the  auspices  of  NCAR.  Currently,  thirty  IRLS  balloon- 
borne  data-gathering  electronics  packages  (designated  as  BIP's)  are  being  manu¬ 
factured  for  NASA  at  General  Instrument  Corporation's  Electronic  Systems 
Division. 


40.2  BLOCK  DIAGRAM  DESCRIPTION  OF  IRLS 

The  block  diagram  of  IRLS  is  shown  in  Figure  40.  1.  IRLS  consists  of  three 
basic  components: 

(1)  Remote  data-gathering  packages  or  platforms 


(2)  A  satellite 


Figure  40. 1.  IRLS  Simplified  Block 
Diagram 


(3)  A  ground  station 
The  platform  may  be  functionally 
divided  into  a  data  coding  system,  a  syn¬ 
chroniser,  an  address  decoder,  and  a 
transmitter  and  receiver.  Upon  recep¬ 
tion  and  demodulation  of  the  rf  PCM/FM 
coded  signal  from  the  spacecraft  by  the 
receiver,  Die  receiver  output  is  fed  to 
the  synchroniser  and  then  to  th«  address 
decoder.  Tbs  synchroniser  establishes 
the  timing  for  all  platform  operations, 
and  its  timing  is  synchronised  to  the  re¬ 
ceived  PCM  signal.  When  Die  address 
decoder  recognises  its  unique  address 


f 
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(each  platform  Is  assigned  a  unique  address  which  is  hard-wired  in  the  unit  at  the 
factory),  the  transmitter  is  energized  and  the  platform  address  is  retransmitted 
to  die  spacecraft  as  an  acknowledgement.  The  spacecraft,  in  turn,  acknowledges 
the  platform  reply  after  acquiring  synchronization  to  the  received  PCM  code  train. 
When  the  platform  receives  and  recognizes  the  spacecraft  acknowledgement,  the 
platform  data-coding  system,  which  accepts  inputs  from  the  analog  sensors,  is 
energized.  The  BIP  then  transmits  its  frame  of  data  to  the  spacecraft.  A  frame 
of  data  consists  of  two  platform  address  complements,  the  data  obtained  from  the 
platform  sensors,  and  an  additional  platform  address  complement.  The  analog 
inputs  from  the  sensors  to  the  data  coding  system  are  sequentially  encoded  into  a 
serial  binary  PCM  pulse  train.  The  spacecraft  uses  the  first  platform  address  com¬ 
plement  in  the  reply  frame  to  perform  the  satellite-to-platform  range  measure¬ 
ment.  After  transmission  of  the  data  frame,  the  platform  transmitter  is  de¬ 
energized.  The  entire  satellite-BXP  communication  sequence  described  above 
lasts  for  a  period  of  approximately  3  seconds. 

The  satellite  IRLS  equipment  may  be  functionally  divided  into  a  command  and 
data  memory,  a  synchronizer,  ranging  system,  and  transmitter  and  receiver.  The 
command  memory  stores  the  commands  it  receives  from  the  ground  station  when 
the  two  stations  are  in  communications  view  during  each  orbital  pass  around  the 
earth.  This  command  information  contains  the  addresses  of  each  of  the  platforms 
which  are  to  be  interrogated  during  the  subsequent  orbit,  together  with  the  time 
the  interrogation  should  commence.  When  the  command  time  and  the  Nimbus  space¬ 
craft  clock  time  coincide,  the  transmitter  is  energized  and  the  spacecraft  begins 
transmission  of  a  platform  address  signal.  The  spacecraft  receiver  demodulates 
the  interrogated  platform's  acknowledgement  and  data  frame  signals.  The  space¬ 
craft  synchronises  to  the  platform  PCM  signal  during  platform  acknowledgement 
transmission  (which  precedes  the  data  frame  transmission).  This  enables  the 
ranging  system  to  perform  a  valid  range  measurement  on  the  first  address  comple¬ 
ment  in  the  data  frame,  and  to  correctly  recognize  the  received  data  which  follows. 
Both  the  received  data  and  the  computed  range  (from  the  ranging  system)  are  trans¬ 
ferred  to  and  stored  hi  the  data  memory.  When  the  satellite  Is  in  communications 
range  of  the  Ground  Station,  the  data  memory  contents  are  transmitted  to  and 
stored  in  the  data  memory  in  the  ground  station.  This  transmission  is  initiated 
upon  command  from  the  Ground  Station.  New  platform  address  and  time  commands 
for  the  next  orbit  are  then  transmitted  to  the  spacecraft  from  the  Ground  Station. 

The  Ground  Station  (commonly  referred  to  as  the  Ground  Acquisition  and 
Command  Station,  GACS)  contains  the  same  functional  components  as  the  satellite, 
with  die  addition  of  a  tape  perforator  and  a  tape  reader.  The  punched  tape  program, 
which  contains  die  platform  interrogation  command  data,  is  read  into  the  Ground 
Station  command  memory  and  subsequently  transferred  to  the  satellite  command 


memory  following  reception  of  the  stored  satellite  data.  The  latter  data  is  stored 
in  the  Ground  Station  data  memory  and  then  put  on  paper  tape  for  further  processing. 

10.3  IRLS  MODULATION  AND  CODING 

The  selection  of  IRLS  transmission  parameters  has  been  governed  by  the 
following  considerations: 

(1)  Transmit  the  required  amount  of  data  (with  the  specified  resolution)  in 
the  minimal  time  in  order  to  reduce  average  power  consumption  in  the  spacecraft 
and  balloon. 

(2)  Provide  a  transmission  code  which  can  provide  rapid  synchronization  so 
that  data  transfer  can  start  as  quickly  as  possible. 

(3)  Provide  a  sufficiently  wide  bandwidth  so  that  signal  riae  times  are  short 
to  permit  an  accurate  ranging  measurement  to  be  performed  on  the  spacecraft. 

PCM/FM  transmission  has  been  chosen  to  most  nearly  satisfy  the  system  re¬ 
quirements.  The  data,  command  and  address  bit  rate  is  1.041  kHz,  and  each  data 
bit  modulates  8  bits  of  a  group  of  12-12. 5  kHz  pulse  trains.  The  remaining  four 
bits  of  the  12.  S  kHz  pulse  train  group  are  used  for  synchronisation,  and  the  group 
of  12  bits  comprise  a  word.  The  eight  bit  configuration  (referred  to  as  an  M 
word)  for  a  "l"  is  JOioiiOC,  and  for  "0"  zero  it  is  01010011  or  Die  complement 
of  the  "l"  representation.  Sixteen  words  are  grouped  together  to  form  a  pattern. 

The  last  four  bits  (referred  to  as  the  N  word)  in  all  but  the  first  M  word  of  a  pat¬ 
tern  have  the  configuration  1001,  while  the  corresponding  N  word  for  the  first  word 
in  the  pattern  is  0110.  The  N  words  permit  the  receiving  equipment  to  establish 
both  word  and  pattern  synchronization. 

Data  transmission  from  the  platforms  to  the  spacecraft,  and  from  the* space¬ 
craft  to  the  Ground  Station  is  in  a  frame  format  A  frame  consists  of  a  number 
of  patterns;  the  BIP  data  frame  format,  for  example,  is  shown  in  Figure  40. 2  and 
consists  of  10-16  word  patterns.  The  first  two  patterns  in  the  frame  contain  the 
complement  of  the  IS  woid  aJdieas  of  lim  responding  platform.  The  following 
seven  patterns  contain  tbs  coded  sensor  data,  while  the  tenth  pattern  repeats  the 
address  complement  of  'he  platform.  The  sampled  data  from  each  analog  sensor 
is  encoded  into  ?  words  (or  major  bits)  plus  a  parity  check  word.  As  seen  from 
Figure  40. 2.  two  data  word  groups  from  two  analog  sensors  are  combined  into  a 
pattern  in  the  frame.  The  total  time  required  to  transmit  the  BIP  data  frame 
format  is  0. 1636  seconds. 

The  12. 6  KC  pulse  train  frequency  shifts  foe  transmitted  UHF  frequency  shout 
its  unmodulated  value.  A  "l"  causes  foe  frequency  to  increase  fay  28  kHz,  and  a 
"0“  causes  foe  frequency  to  decrease  by  28  kHz.  This  non-re turn-to -zero  (Nila) 
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modulation  technique  results  in  an  aver  - 
age  frequency  equal  to  the  unmodulated 
frequency,  since  both  the  M  and  N  words 
contain  an  equal  number  of  l's  and  0's. 
This  fact  makes  it  easier  to  implement 
automatic  frequency  control  on  the  re¬ 
ceived  signal. 


40.4  IRLS  SYNCHRONIZATION 
TECHNIQUES 

Each  of  the  IRLS  receiving  equip¬ 
ments  employs  phase-lock  loops  to  lock 
or  synchronise  to  the  demodulated  12 . 5  kHs  pulse  train  directly.  Synchronisation 
is  derived  from  each  of  the  seven  or  eight  transitions  of  the  12. 5  kHs  bits  that 
occur  in  each  word.  The  phase -lock  loop  is  narrow  band  to  permit  synchronisa¬ 
tion  at  low  carrler-to-noiae  ratio,  and  to  provide  a  "coasting"  effect  or  memory 
when  the  received  signal  momentarily  fades. 

The  12. 5  kHs  synchronised  regenerated  signal  is  divided  down  by  12  and  then 
by  16  times  to  establish  the  word  and  pattern  rates,  respectively.  The  first 
divider  (divide  by  12)  is  reset  or  synchronised  from  the  word  sync  pulses,  while 
the  second  divider  is  recet  or  synchronised  by  pattern  sync  pulses.  Word  sync 
pulses  are  generated  when  any  of  the  four  possible  12  bit  word  configurations  are 
recognised.  Pattern  sync  pulses  are  generated  when  either  of  the  tvo  possible  8 
bit  groups  is  found  together  with  the  0110  N  word  configuration. 

46  S  IRLS  RANGING  TECHNIQUE 

By  using  certain  geometrical  relationships,  the  platform  location,  in  latitude- 
longitude  coordinates,  may  be  computed  from  the  following  data: 

(1)  Two  slant  range  measurements  between  the  spacecraft  and  the  platform. 

(2)  The  trajectory  of  the  spacecraft  and  the  distance  it  travels  between  each 
of  the  two  slant  range  measurements.  IRLS  performs  a  slant  range  measurement 
during  each  Interrogation  cycle  with  the  platform  by.  In  effect,  measuring  the 
round  trip  propagation  lima  of  the  satellite  reply  sequence  to  the  platform  acknowl¬ 
edgement  signal. 

Platform  reception  of  the  satellite  reply  Initiates  transmission  of  the  dots 
frame.  The  Bret  line  of  the  data  frame  (see  Figure  40. 2)  contains  the  platform 
address  complement.  Satellite  recognition  of  this  pattern  causes  a  16  stage 


t«  r*  r»  «■  f  r»  «*  *  r  t*  *•  **  t»  t«  t*  t» 


ADDKtt  COSHfMST 


wttwtwo  MU 


ustnonn  ten 


tsmtorsp  am 


h 

DATA  WOOD  I 

H 

DATA  S0SDI 

Jt 

DATA  MN4 

** 

DATA  ISSai 

JL 

DATA  WORD  1 

* 

data  mat 

1  MtSMCVtn  DATA  { 

N 

DATA  soeor 

ubit  Atoms  coennmrr 


noto  tail  man  smun  a at  urn. 
thSWNHTIMSnS-H. 
sasmewn  m  sni*-iMtKumw  st»» 

«  cutoom  am  aommt  mu  coma  unit  a oowts 
asruo  or  war  warns  cowmen. 


Figure  40.  2.  B1P  Data  Frme  Format 


iSBEBBBBBBDtl1 


488 


counter  driven  by  a  1.6  Mill  clock  to  be  started.  The  counter  is  stopped  at  the 
beginning  of  the  following  satellite  reply  sequence,  and  its  contents  at  this  time 
are  a  measure  of  the  platform -to-satellite  slant  range.  The  range  number  is 
transferred  to  die  data  memory  and  subsequently  transmitted  to  the  ground  sta¬ 
tion.  Accuracy  of  the  slant  range  is  ±  500  meters,  and  accuracy  of  die  platform 
location  is  ±  2  kilometers. 


40.6  IRLS  SPACECRAFT  AND  BiP  RF  HARDWARE 

The  most  challenging  and  critical  parts  of  the  1RLS  equipment  design  were 
the  spacecraft  and  BIP  rf  components.  Both  units  contain  a  receiver,  transmitter 
and  diplexer.  Photographs  of  these  Nimbus  4  components  developed  and  manufac¬ 
tured  by  General  Instrument  Corp. ,  are  shown  in  Figures  40. 3  through  40.  7. 


40.7  SPACECRAFT  RECEIVER 

The  Spacecraft  Receiver  (Figure  40. 3)  acquires  the  platform  and  ground  sta¬ 
tion  transmitted  signals.  The  Nimbus  4  spacecraft  receiver  contains  several 
advanced  features,  compared  to  the  Nimbus  2  equipment,  which  result  in  approxi¬ 
mately  6  dB  sensitivity  enhancement.  Consequently,  platform  transmitter  power 
requirements  are  reduced  from  25  watts  to  6  watts.  Among  the  advanced  features 
contained  in  the  IRLS  Nimbus  4  spacecraft  receiver  are: 

(2)  Highly  symmetrical  AFC  system  with 
operation  down  to  -3  dB  IF  carrier-to- 
noise  ratios. 

(3)  Rapid-quench,  matched  crystal  fil¬ 
ters  for  optimum  12. 5  kHz  bit  detection 
under  high  noise  conditions. 

(4)  Separate  narrow-band  synchroniza¬ 
tion  channel  which  provides  the  12.5  kHz 
bit  transition  information  for  synchronic 
zatlon  of  the  12. 5  kHz  phase  lock  loop. 

(5)  Type  II  narrow-band  phase-lock 
loop  which  provides  a  more  optimum 
trade-off  of  open  loop  gain  and  noise 
bandwidth. 

Some  of  the  salient  measured  per¬ 
formance  characteristics  of  the  IRLS 


(1)  Very  low  noise  RF  amplifier. 


Figure  40. 3.  IRLS  Nimbus  p 
Spacecraft  Receiver 
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UKF  power  transistors.  The  power  output  of  these  two  transistors  is  added  in  & 
hybrid  power  combiner  and  then  applied  to  the  diplexer  for  transmission. 

Salient  measured  performance  characteristics  of  the  IRL5  Nimbus  4  space¬ 
craft  transmitter  presently  in  orbit  are:  %- 

(1)  Power  Output  (CW)  -  25  watts 

(Z)  Frequency  Stability  -  ±  8  ppm  (aging,  temp,  and  voltage  variation) 

(3)  Frequency  deviation  non-linearity  -  less  than  2  percent  over  ±  25  kHz 
deviation. 

(4)  Power  Consumption  -  80  watts  (when  energised) 

(5)  On  Time'  -  may  be  continuously  energized  for  a  5  minute  period  when 
heat  sunk  to  the  spacecraft  sensory  ring. 

<6)  Spurious  -  60  dB  down 

(T)  Over-voltage  capability  -  can  handle  40  percent  over-voltage  for  a  five 
minute  period  and  60  percent  over-voltage  for  transients. 


40.9  PLATFORM  RECEIVER 


the  Platform  Receiver  (Figure  40,5)  demodulates  die  transmitted  PCM/FM 
signal  from  the  c^bitihg^^c^is^  Features  oftii». platform  receiver  include 
hlffh  Sensitivity  (3ttenoiife  to  in3^  light  weight 

(less  than  8  ounces}  and  kwr  average  power  conSswapBon &0  now),  the  low  average 
power  consumption  is  primarily  achieved  by  switching  the  receiver  power  ON  and 
OFF  with  a  50  percent  duty  cycle  until  recognition  of  a  correct  platform  address. 
Salient  measured  performance  data  on  die  platform  receiver  are: 
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(1)  Noise  Figure  -  3  dB 

(2)  Time  Delay  uncertainty  -  ±  0. 70 
u  secs  (under  all  conditions) 

(3)  Power  Consumption  -  30  milli¬ 
watts  average 

(4)  Center  Frequency  Stability  -  ±5 
ppm  (referred  to  the  receiver  center 
frequency  of  401.  5  MHz). 

(5)  Operating  Temperature  Range  - 
-20°C  to  +45°C 

(6)  Spurious  Response  -  60  dB  dow.i 

(7)  Volume  -  12  in3 

(8)  Weight  -  8  ounces 

(A  photograph  of  the  Platform  Re¬ 
ceiver  inserted  in  the  BIP  assembly  is 
shown  in  Figure  40. 7, ) 


Figure  40.7.  E^ectronics-Unlt  Housing 
and  Module  Configuration 


40.10  PLATFORM  TRANSMITTER 


The  Platform  Transmitter  (Figure  40. 6)  transmits  the  PCM/FM  signal  at  a 
6  watt  level  to  the  spacecraft  Features  of  the  platform  transmitter  include  high 
efficiency  (30  percent  overall),  light  weight  (1  lb  exclusive  of  the  diplexer),  full 
operational  performance  over  ±20  percent  supply  voltage  variation  and  over  the 
temperature  range  of  -20°C  to  +45°C,  and  excellent  frequency  stability  and  FM 
deviation  linearity.  The  platform  transmitter  is  energized  after  platform  recog¬ 
nition  of  an  address,  and  is  SHUT-OFF  after  data-frame  transmission  or  after  a 
2  second  period  following  address  recognition,  whichever  event  occurs  first. 
Salient  measured  performance  data  on  the  platform  transmitter  are: 

(1)  Power  Output  -  6  watts 

(2)  Frequency  Stability  -  ±10  ppm 

(3)  Frequency  deviation  non-linearity  -  3  percent 

(4)  Power  Consumption  -  21  watts  total 

(8)  Temperature  Range  -  -20°C  to  +45°C 

(6)  Spurious  -  greater  titan  B0  dB 

A  photograph  of  the  Platform  Transmitter  inserted  in  the  BIP  assembly  pack¬ 
age  is  shown  in  Figure  40. 7. 


40.11  DIPLEXERS 


The  spacecraft  and  platform  dlplexer  assemblies  are  packaged  integrally  with 
the  associated  transmitter  and  permit  Independent  transmission  and  reception  with 
15  percent  frequency  separation  (the  platform  transmit  and  receive  frequencies 
are  466  MHz  and  401.  5  MHz.  respectively,  while  the  corresponding  spacecraft 
frequencies  are  the  reverse).  The  diplexers  are  helical  resonator,  multiplepole 
bandpass  filters  witk  extremely  low  insertion  loss.  Each  dlplexer  assembly  con¬ 
tains  a  three -pole  transmitter  section  which  has  0. 4  dB  insertion  loss,  and  a  five- 
pole  receiver  section  which  has  1  dB  insertion  loss.  Isolation  between  transmitter 
and  receiver  is  greater  than  95  dB  at  the  transmitter  frequency  and  greater  than 
30  dB  at  the  receiver  frequency. 
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